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1.0  PORT  DALHOUSIE  (ST.  CATHARINES)  WATER  POLLUTION  CONTROL  PLANT 

1.1  Plant  Description  and  Historical  Performance 
1.1.1     Plant  Description 

The  Port  Dalhousie  WPCP  is  one  of  two  major  secondary  treatment 
facilities  serving  the  City  of  St.  Catharines.  The  plant,  which  is  operated 
by  the  Regional  Municipality  of  Niagara,  is  a  conventional  activated  sludge 
plant  designed  to  handle  an  average  daily  flow  of  61,300  m-^/d  (13.5  MIGPD) 
with  a  peak  hydraulic  load  of  122,600  m^/d  (27  MIGPD).  A  schematic  flowsheet 
of  the  plant  is  provided  in  Figure  1.1.  Key  design  parameters  for  the  Port 
Dalhousie  WPCP  are  summarized  in  Table  1.1. 

Raw  sewage  enters  the  plant  by  gravity  through  an  overflow  chamber 
upstream  of  a  Parshall  flume  for  flow  measurement.  Screening  is  provided  by 
a  coarse  (12.7  cm)  bar  screen  and  an  automatic  2.5  cm  bar  screen  upstream  of 
parallel  6.1  m  square  detritors. 

Two  parallel  clarifiers,  each  48.8  m  by  15.2  m  with  a  liquid  depth 
of  3.05  m,  provide  a  total  surface  area  of  1,490  m^  for  primary  sedimenta- 
tion. Total  primary  clarifier  volume  is  approximately  4,600  m-^.  Raw  sludge 
and  scum  removal  are  accomplished  by  travelling  bridge  mechanisms.  Waste 
activated  sludge  from  the  biological  system  is  co-thickened  with  primary 
sludge  in  the  primary  clarifiers. 

Biological  treatment  is  accomplished  in  two  parallel  trains  of  four 
aeration  cells.  Each  cell  is  18.3  m  square  and  4.6  m  deep,  providing  a  total 
aeration  volume  of  11,030  m-^.  Oxygen  transfer  is  accomplished  by  30  kW  (40 
HP)  mechanical  surface  aerators,  each  incorporating  a  vertical  draft  tube. 
Total  installed  aeration  capacity  is  approximately  240  kW  (320  HP).  Primary 
effluent  is  distributed  equally  to  each  aeration  cell  to  an  entry  point  under 
the  central  draft  tube.  Return  activated  sludge  is  distributed  equally  to 
the  aeration  cells. 

Phosphorus  removal  is  accomplished  by  ferric  chloride  addition  to 
the  mixed  liquor  upstream  of  the  secondary  clarifiers.  A  mechanical  mixer  is 
provided  at  the  point  of  FeCl3  addition;  however,  this  supplemental  mixer  is 
not  presently  used.  Ferric  chloride  is  delivered  by  dual  chemical  metering 
pumps  from  two  36.3  m-^  storage  tanks  to  the  addition  point.  Instrumentation 
and  control  equipment  is  available  to  allow  flow  proportioning  of  FeCl 3  addi- 
tion; however,  at  present  the  chemical  feed  rate  is  adjusted  manually. 


-2- 


FINAL 
EFFLUENT 


CHLORINATION 


'FeCI 


SECONDARY 
CLARIFIERS 


^-^^^         _RAL_J 


AERATION 
TANKS 


k 


PRIMARY 
CLARIFIERS 


DETRITORS 


/^^  SCREENS 

)( 


FLUME 


RAW 
SEWAGE 


WAS I 


SEPTIC 
'HAULAGE 


SUPERNATANT 


HAUL 


RAW   SLUOGE 


DIGESTERS 


-  DENOTES   SAMPLING 
LOCATION 


FIGURE  1-r.    SCHEMATIC  FLOWSHEET  OF    PORT   DALHOUSIE   WPCP 
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TABLE  1.1:   DESIGN  SUMMARY  -  PORT  DALHOUSIE  WPCP 


DESIGN  CRITERIA 

DESIGN   VALUE 

OPERATING  * 
LEVEL 

Flow  -  m^/d 
Average  Daily 
Peak  Day 

61,300 
122,600 

36,530 
est  136,000 

BOD5  Loading   (kg/d) 

— 

3,910 

Sewer  Collection  System 
Bypass  -  Point 

Frequency 

Discharge  Point 

Some  Combined 
Inf.   Overflow 

Outfall 

est.   12/year 

Primary  Clarification  HRT   (hours) 
HRT   (hours) 

Average  Surface  Load  (m^/m^-d) 
Peak  Surface  Load  (m^/m^-d) 

1.8 
41.1 
82.3 

3.0 
24.5 
91.4 

Aeration  System 
HRT   (hours) 
BOD5  Load   (kg/m3.d)** 
Return  Sludge  Rate   {%) 

4.3 

100 

7.2 
0.21 

Phosphorus  Removal 
Chemical 
Average  Dosage   (mg  Fe/L) 

Feci  3 

1984=8.2  mg/L 
1985=6.6  mg/L 

Secondary  Clarification 
HRT    (hours) 

Avg.    Surface  Loading   (m-^/m^-d) 
Peak   Surface  Loading   (m-^/m^-d) 

4.7 
19.1 
38.1 

7.9 
11.4 
42.3 

Chi ori nation 

HRT   9  Peak   Flow,    (min) 

10.0 

9.0 

*  Based  on  1981-1985  Historical  Data. 
^   At  40  percent  primary  clarifier  BOD  removal. 
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Secondary  clarification  is  accomplished  in  four  parallel  67m  by  12m 
rectangular  clarifiers  providing  a  total  surface  area  of  3,216  m'^  and  a  total 
liquid  volume  of  11,970  m-^.  The  sludge  removal  mechanisms  are  floating 
travelling  bridges.  Return  sludge  is  handled  by  two  screw  pumps,  each 
transferring  21.3  m-^/min  and  providing  100  percent  recycle  sludge  capability 
at  design  flow.  Secondary  effluent  is  chlorinated  prior  to  discharge  to  Lake 
Ontario. 

Two-stage  anaerobic  digestion  is  provided  for  waste  activated 
sludge  and  primary  sludge.  Two  primary  digesters  provide  a  total  volume  of 
4,000  m3.  The  secondary  digester  provides  a  total  volume  of  2,000  r\^. 
Digested  sludge  is   disposed   on   land. 

1.1.2  Historical   Performance 

Table  1.2  summarizes  the  annual  performance  of  the  Port  Dalhousie 
WPCP  for  the  years  1981  to  1985.  The  plant  has  consistently  achieved  a  high 
quality  effluent,  averaging  approximately  8  mg/L  total  8OD5  and  suspended 
solids'  and  0.55  mg/L  total  phosphorus  for  the  five  year  period  (1981  - 
1985).  Influent  strength  has  been  relatively  low  (110  mg/L  BOD5,  100  mg/L 
suspended  solids  and  4.2  mg/L  total  phosphorus).  Average  daily  flow  to  the 
plant  for  the  five-year  period  was  36,530  m-^/d  (59.5  percent  of  design  flow). 

Monthly  effluent  quality  data  for  1984  and  1985  (BOD5,  suspended 
solids  and  total  phosphorus)  are  presented  in  Table  1.3.  Effluent  phosphorus 
levels  have  consistently  been  less  than  1.0  mg/L.  Effluent  suspended  solids 
exceeded  15  mg/L  for  one  month  (November  1985)  and  never  exceeded  25  mg/L. 
Effluent  BOO5  exceeded  15  mg/L  for  five  months  and  exceeded  25  mg/L  for  one 
month  (May  1985)  during  this  period. 

1.1.3  Sampling  Program 

The  Port  Dalhousie  WPCP  was  sampled  between  June  23,  1986  and  July 
25,   1986,     Twelve  daily  samples  were  collected  over  this  monitoring  period. 

Sampling  locations  were  identified  in  Figure  1.1.  Twenty-four  hour 
composite  samples  of  raw  wastewater  (after  screening)  and  primary  effluent 
were  collected.  Flow-proportional,  24-hour  composite  samples  of  'secondary 
effluent  (before  chlorination )  were  collected.  In  addition,  grab  samples  of 
mixed  liquor  and  return  sludge  were  collected  to  allow  SRT  calculations  to  be 
completed. 


-5- 


UJ 

a:  O  in 

r~ 

LO 

«f  <  CD 

IT) 

ID 

a^ 

«9- 

«r 

,_it 

LT) 

uj  oe    1 

• 

• 

« 

• 

• 

• 

>-   LU  -H 

v£> 

t^ 

r^ 

CM 

00 

^ 

o 

>  00 

CO 

o 

o 

in  < 

^^ 

O^ 

0^ 

<3^ 

LD 

LT) 

«— « 

Ul 

00 

lo 

CD 

m 

00 

• 

« 

• 

• 

• 

a^ 

IHH 

00 

^-t 

t^ 

o 

PO 

O 

TT 

CM 

^ 

n 

Ln 

«3- 

«r 

f^ 

r^ 

LD 

Lft 

tmmi 

in 

00 

• 

• 

• 

t 

t 

CTi 

CJ 

CI 

r^ 

■^ 

r^ 

«3- 

o 

ro 

a^ 

a> 

a£ 

CVJ 

r^ 

m 

n 

en 

o 

o 

o 

a^ 

CM 

m 

«t 

00 

CT\ 

U3 

cr> 

»*■ 

m 

^ 

^ 

O 

UJ 

oo 

o 

>- 

cyi 

o 

O 

CM 

r^ 

o 

o 

o 

o 

'S- 

r^ 

CO 

* 

• 

• 

• 

<T> 

VO 

o 

r^ 

CM 

r^ 

^r 

O 

CO 

o 

<y> 

O 

o 

00 

V— 4 

u-> 

in 

CM 

ys 

cr 

CM 

in 

00 

• 

• 

• 

• 

CTi 

LD 

o 

O^ 

CM 

CTi 

^ 

o 

P-) 

cy> 

o 

•o 

^^^ 

ro 

e 

o 

,— 

^~ 

o 

_J 

_J 

o^ 

^~, 

.^^ 

.— » 

CD 

O) 

^-1 

—1 

_l 

-^ 

-•™. 

E 

E 

a: 

'>— ' 

^^^ 

"-^ 

_I 

_1 

'— ^ 

•— ' 

LU 

C7> 

CD 

*-s^ 

t— 

s 

E 

E 

o> 

o> 

4-> 

4-> 

UJ 

o 

E 

E 

C 

c 

z: 

a> 

01 

< 

u. 

4-> 

tJ 

3 

3 

QC 

C 

c 

4^ 

•»-> 

< 

>1 

OJ 

OJ 

c 

c 

<*- 

<*- 

a. 

3 

3 

<JJ 

<u 

C 

i*- 

•^ 

r— 

#^ 

3 

3 

•~* 

UJ 

lO 

<*- 

<«- 

^ 

^ 

Q 

c 

<*- 

>«- 

>^ 

1 

1 

»__ 

UJ 

c 

<«- 

<u 

t~t 

UJ 

d. 

Q. 

a> 

1 

1 

TJ 

1 

1 

r— 

r— 

u 

LD 

LT) 

•T3 

TJ 

<u 

§ 

Q 

on 

oo 

■•J 

4-> 

> 

O 

oo 

oo 

O 

O 

<c 

CD 

CD 

1— 

1— 

K— 

►— 

TABLE  1.3:   MONTHLY  AVERAGE  PERFORMANCE  OF  PORT  DALHOUSIE  WPCP 


YEAR 

MONTH 

EFFLUENT  BOD5 
(mg/L) 

n 
BOD5 

EFFLUENT  TSS 
(mg/L) 

n 
TSS 

EFFLUENT  TP 
(mg/L) 

n 
TP 

Jan. 

5.2 

2 

7.6 

32 

0.74 

6 

Feb. 

13.8 

2 

12.1 

32 

0.88 

6 

Mar. 

5.2 

2 

7.1 

32 

0.33 

6 

Apr. 

18.5 

2 

6.7 

32 

0.55 

6 

May 

3.3 

2 

7.7 

32 

0.42 

5 

1984 

June 

4.9 

2 

7.2 

30 

0.50 

6 

July 

8.0 

2 

6.8 

31 

0.40 

4 

Aug. 

6.0 

2 

6.8 

31 

0.52 

4 

Sept. 
Oct. 

4.8 
3.2 

2 
2 

6.5 
6.7 

30 
31 

0.72 
0.64 

4 
4 

Nov. 

7.2 

2 

7.4 

31 

0.35 

4 

Dec. 

11.8 

2 

7.4 

31 

0.54 

4 

Jan. 

9.1 

2 

7.2 

32 

0.33 

4 

Feb. 

15.3 

2 

13.0 

29 

0.38 

4 

Mar. 

22.0 

2 

10.9 

31 

0.45 

5 

Apr. 

15.6 

2 

8.9 

30 

0.32 

4 

"May 

27.0 

2 

9.1 

31 

0.52 

4 

1985 

June 

5.3 

2 

8.1 

31 

0.50 

4 

July 

3.5 

2 

10.8 

31 

0.42 

3 

Aug. 

9.0 

2 

7.7 

31 

0.24 

5 

Sept. 

5.0 

2 

7.7 

31 

0.34 

5 

Oct. 

6.0 

2 

11.5 

31 

0.54 

5 

Nov. 

12.9 

2 

21.5 

30 

0.35 

3 

Dec. 

7.0 

2 

11.2 

31 

0.25 

5 

n  =  Number  of  samples 
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1.2  Results  of  Sampling  Program 

Table  1.4  presents  a  compilation  of  plant  operating  data,  supported 
by  CANVIRO  data,  for  the  five-week  period  of  sampling  at  the  Port  Dalhousie 
WPCP.  Average  daily  flow  for  this  period,  which  included  several  significant 
rainfall  events,  was  46,000  m-^/d  or  75  percent  of  plant  design.  This  flow 
was  significantly  higher  than  observed  during  1985  (41,590  rn^/d  or  68  percent 
of  design).  Peak  flows  in  excess  of  100,000  nr/6  were  observed  on  two  occa- 
sions  during  this   period. 

The  biological  system  was  operated  in  a  stable  mode  by  constant 
wasting.  Solids  retention  time  (SRT)  was  consistently  around  5  days,  aver- 
aging 4.9  days  over  the  5-week  period.  Historical  data  for  1985  has  shown 
that  the  plant  achieves  a  high  degree  of  nitrification.  Influent  TKN 
concentrations  averaged  24.8  mg/L  in  1985.  Average  effluent  TKN  was  6.0  mg/L 
and  average  effluent  NH3-N  was  3.57  mg/L  for  the  same  period.  Minimal  plant 
data  showed  that  nitrification  was  occurring  during  the  June/July  monitoring 
period  with  an  effluent  quality  of  1.35  mg/L  NH3-N  and  2.2  mg/L  TKN  recorded 
in  June. 

Ferric  chloride  was  added  at  a  constant  rate  of  2,270  L/d  through- 
out the  monitoring  period.  Samples  from  six  batches  of  ferric  chloride 
showed  an  average  iron  (Fe)  content  of  145.3  g/L  (±  16.1),  equivalent  to  a 
ferric  chloride  strength  of  approximately  32  percent  FeCl3  (w/w).  The 
calculated  chemical  dosage  averaged  7.2  mg  Fe/L  for  the  5-week  period, 
ranging   from  4.5  mg/L  to  9.6  mg/L. 

The  results  of  the  monitoring  program  are  summarized  in  Table  1.5. 
Raw  wastewater  strength,  in  terms  of  all  parameters,  was  low  compared  to  his- 
torical data.  The  raw  wastewater  averaged  44  mg/L  BOD5  and  69  mg/L  suspended 
solids.  Influent  total  phosphorus  levels  averaged  3.13  mg/L,  of  which  ap- 
proximately 66  percent  was  presented  in  soluble  form.  The  lower  strength 
wastewater  is  consistent  with  the  higher  flows  experienced  during  the  moni- 
toring period  caused  by  rainfall  and  the  difference  in  sampling  procedures. 
Historical  data  (influent  and  effluent)  has  been  based  on  12-hour  manual  com- 
posite whereas  the  influent  data  in  Table  1.5  represents  24-hour  composite 
sampling  results.  Effluent  quality  during  the  monitoring  period  confirms  the 
historical  pattern  of  superior  performance.  Average  effluent  BOO5  was  3.5 
mg/L.  Average  effluent  suspended  solids  concentration  was  10  mg/L,  The 
total    phosphorus    in    the   secondary   effluent   was   0.77   mg/L,    of   which   0.50  ng/L 
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TABLE  1.5:   SUMMARY  OF  PERFORMANCE  MONITORING  DATA  FOR  PORT  DALHOUSIE  WPCP 


DATE 

STREAM 

CONCENTRATION               | 

TOTAL 
BOD5 

TSS 

TOTAL 
PHOSPHORUS 

SOLUBLE 
PHOSPHORUS 

23/06 

Raw 

Primary  Effluent 

Secondary  Effluent 

100 
3.3 

100 
22 

3.54 
2.87 
0.72 

2.84 
1.13 
0.28 

24/06 

Raw 

Primary  Effluent 

Secondary  Effluent 

58 
4.6 

120 
8 

2.68 

N.A. 
0.35 

2.06 
0.51 
0.18 

14/07 

Raw 

Primary  Effluent 

Secondary  Effluent 

54 
2.3 

60 
10 

3.18 
4.00 
0.75 

1.96 
1.50 
0.50 

15/07 

Raw 

Primary  Effluent 

Secondary  Effluent 

42 
4.9 

50 
10 

3.92 
3.70 
1.03 

2.49 
1.84 
0.63 

16/07 

.  Raw 
Primary  Effluent 
Secondary  Effluent 

63 
3.1 

70 
8 

3.08 
4.76 
1.10 

2.50 
1.95 
0.68 

17/07 

Raw 

Primary  Effluent 

Secondary  Effluent 

35 
2.4 

90 

_ 

7 

2.52 

2.07 
0.58 

1.69 
0.92 
0.53 

18/07 

Raw 

Primary  Effluent 

Secondary  Effluent 

10 
3.0 

60 

7 

1.98 
2.18 
0.60 

1.28 
2.19 
0.48 

21/07 

Raw 

Primary  Effluent 

Secondary  Effluent 

14 
3.0 

30 
12 

2.94 
4,40 
0.88 

1.38 
0.93 
N.A. 

22/07 

Raw 

Primary  Effluent 

Secondary  Effluent 

24 
2.7 

40 
4 

3.12 
3.30 

0.67 

2.15 
1.86 

0.45 

23/07 

Raw 

Primary  Effluent 

Secondary  Effluent 

45 
5.1 

90 

6 

3.70 
4.30 
0.68 

2.14 
1.85 

0.53 

24/07 

Raw 

Primary  Effluent 

Secondary  Effluent 

38 
3.0 

50 
10 

3.19 
2.97 
0.74 

2.20 
1.98 
0.49 

25/07 

Raw 

Primary  Effluent 

Secondary  Effluent 

42 
4.6 

70 
16 

3.30 
3.60 
1.09 

1.47 
2.15 
0.72 

AVERAGES 

Raw 

Primary  Effluent 

Secondary  Effluent 

43.8 
3.5 

69.1 

10.0 

3.13 
3.47 
0.77 

2.06 
1.57 
0.50 

Std.Devs 

Raw 

Primary  Effluent 

Secondary  Effluent 

24.1 

1.0 

26.4 
4.9 

0.56 
0.88 
0.22 

0.44 
0.56 
0.16 
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was  present  in  soluble  form.  Probability  distributions  of  the  total  and 
soluble  components  of  the  phosphorus  in  raw  sewage,  primary  effluent  and 
secondary  effluent  are  presented  in  Figure  1.2.  Primary  clarification  did 
not  reduce  the  total  phosphorus  concentration. 

Key  operating  parameters  affecting  phosphorus  removal  at  the  Port 
Dalhousie  WPCP  are  summarized  in  Table  1.6.  Clarifier  hydraulic  loadings 
were  generally  low,  averaging  approximately  15  m-^/m^'d  (310  Igpd/ft^).  The 
low  hydraulic  loading,  along  with  good  sludge  settleabil ity  (SVI  <  120), 
produced  low  effluent  suspended  solids  concentrations.  Thus,  phosphorus 
associated  with  the  particulate  matter  in  the  effluent  contributed  only  0.26 
mg/L  to  the  total  phosphorus  concentration.  Based  on  soluble  phosphorus  in 
the  primary  effluent,  the  average  Fe:P  molar  ratio  was  2.9,  compared  to  the 
stoichiometric  requirement  of  1.  Thus,  the  chemical  dosage,  which  averaged 
6.8  mg  Fe/L,  was  relatively  high  and  resulted  in  a  low  soluble  phosphorus 
concentration  (0.50  mg/L)  in  the  secondary  effluent. 

1.3      Conclusions  of  Port  Dalhousie  WPCP  Monitoring  Program 

The  five-week  monitoring  program  at  Port  Dalhousie  WPCP  confirmed 
the  high  effluent  quality  reported  historically  at  this  plant  in  terms  of 
BOD5,  suspended  solids  and  total  phosphorus.  Raw  wastewater  strength  was 
lower  than  had  been  reported,  due  to  rainfall  and  the  different  sampling 
methodology  applied  in  this  study. 

The  major  factors  contributing  to  the  efficient  phosphorus  removal 
program  at  Port  Dalhousie  were: 

(i)   low  secondary  clarifier  hydraulic  loadings; 
(ii)  high  iron  dosage;  and 
(ill)  good  operational  control  of  the  plant,  in  general. 

Although  ferric  chloride  addition  rates  are  seldom,  if  ever, 
changed,  effective  control  of  effluent  total  phosphorus  is  maintained  because 
there  is  relatively  little  change  in  the  particulate  phosphorus  content  of 
the  effluent,  there  is  minimal  variation  in  influent  concentration  and  there 
is  a  reserve  of  iron  in  the  system  because  of  the  relatively  high  dosage 
maintai  ned. 
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2.0  FERGUS  WATER   POLLUTION   CONTROL   PLANT 

2.1  Plant  Description  and  Historical   Performance 
2.1.1  Plant  Description 

The  Fergus  WPCP,  an  MOE  operated  plant,  serves  the  City  of  Fergus 
(population  5,935  in  1985).  Approximately  70  percent  of  the  flow  to  the 
plant  is  domestic,  while  the  remaining  30  percent  is  contributed  from  local 
industries.  The  plant  is  a  conventional  activated  sludge  plant  designed  to 
handle  an  average  daily  flow  of  5,000  m-^/d.  Figure  2.1  presents  a  schematic 
of  the  treatment   plant.     Key  design  paramaters   are  summarized   in  Table  2.1. 

Raw  sewage  enters  the  plant  through  a  comminutor.  Grit  is  removed 
in  a  detritor  upstream  of  a  Parshall  flume  for  flow  measurement.  Flow  enters 
a  single  square  primary  clarifier  with  12.2  m  sides  and  2.7  m  side  wall 
depth,  providing  a  total  surface  area  of  161.3  m^  for  sedimentation.  The 
total  primary  clarifier  volume  is  approximately  435  m^.  Waste  activated 
sludge  from  the  biological  system  is  co-thickened  with  primary  sludge  in  the 
primary   clarifier. 

Following  primary  treatment,  the  flow  is  divided  into  two  streams. 
Approximately  60  percent  of  the  flow  enters  the  old  secondary  treatment  sys- 
tem and  40  percent  enters  the  new  secondary  treatment  system.  Phosphorus 
removal  is  accomplished  by  ferrous  chloride  addition  to  the  primary  clarifier 
effluent  just  prior  to  the  flow  division  to  "new"  and  "old"  secondary 
systems.  The  chemical  feed  rate  is  adjusted  manually  on  a  daily  basis. 
Chemical  flow  is  increased  or  decreased  based  on  extreme  phosphosrus 
concentrations  in  effluents,  although  chemical  usage  is  calculated  on  a 
weekly  basis.  The  old  and  new  secondary  aeration  and  clarification  systems 
are  operated  in  parallel.  The  old  aeration  tanks  provide  at  total  volume  of 
512  m-^  (  21.9  m  x  7.3  m  x  3.2  m) ;  the  new  tanks  provide  at  total  volume  of 
592  m-^  (21.9  m  x  7.3  m  x  3.7  m).  Both  systems  have  2  celled,  mechanically 
aerated  aeration  basins.  Return  activated  sludge  from  each  secondary 
clarifier    is    return   to   the   front   end   of   the   respective   aeration   tanks. 

Secondary  clarification  in  the  parallel  systems  is  provided  in 
square  10.7  m  by  10.7  m  by  2.7  m  clarifiers,  providing  a  total  surface  area 
(for  each  system)  of  114  m^  and  total  liquid  volume  of  309  m-^.  Return 
activated    sludge    from  each    clarifier    is    pumped   at    a   constant    rate   (570  m^/d) 
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TABLE  2.1:   DESIGN  SUMMARY  -  FERGUS  WPCP 


DESIGN  CRITERIA 

DESIGN  VALUE 

OPERATING  LEVEL  * 

FLOW  (m^/d) 
AVERAGE  DAILY 
PEAK  DAY 

5,000 

3420 
est.  9100 

BOD  LOADING  (kg/d) 

1,000 

403 

SEWER  COLLECTION  SYSTEM 

BYPASS  -  POINT 

FREQUENCY 
DISCHARGE  POINT 

<10*  combined 
influent  wetwel  1 

outfall 

10/year 

PRIMARY  CLARIFICATION 
HRT  (Hours) 

AVG  SURFACE  LOAD  (m^/m^  d) 
PEAK  SURFACE  LOAD  (m^/m^.d) 

2.0 
35.5 

2.9 
24.3 
64.8 

AERATION  SYSTEM 
HRT  (Hours) 
BOD  LOAD  (kg/m3.d)** 
RETURN  SLUDGE  RATE  (i) 

5.9 
0.33 

01 d     New 

5.98    9.95 

0.13 

30 

PHOSPHORUS  REMOVAL 
CHEMICAL 
AVERAGE  DOSAGE  (mg  Fe/L) 

FeCl2 

5.1  (1984,  1985) 

SECONDARY  CLARIFICATION 
HRT  (Hours) 

AVG.  SURFACE  LOAD  (m^/m^.d) 
PEAK  SURFACE  LOAD  {m^/m^.d) 

3.0 
22.0 

Old     New 

3,6     5.4 

17.9    11.9 

47.7    31.8 

CHLORINATION 

HRT  (3  PEAK  FLOW  (min) 

13  r 

♦Based  on  1981  -  1985  historical  data. 

**At  40%  BOD5  removal  in  primary  clarifiers, 
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to  the  front  end  of  each  of  the  new  and  old  systems.  If  sludge  is  being 
wasted,  return  sludge  flow  is  split  in  individual  splitter  boxes  and  is 
returned  to  the  primary  clarifier  for  thickening.  Secondary  effluent  from 
each  system  is  combined  prior  to  chlorination,  and  chlorinated  effluent  is 
discharged  to  the  Grand  River. 

Anaerobic  digestion  is  provided  for  the  thickened  waste  activated 
sludge/primary  sludge  from  the  primary  clarifiers  in  a  single  stage  anaerobic 
digestion  of  602  m^  total  volume.  Digested  sludge  is  hauled  away  to  be 
disposed  of  on  land. 

2.1.2  Historical  Performance 

Table  2.2  summarizes  the  annual  performance  of  the  Fergus  WPCP  for 
the  years  1981  to  1985.  Over  the  5  year  period,  the  plant  has  consistantly 
achieved  a  high  quality  effluent  with  respect  to  BOD5,  averaging  9  mg/L,  and 
total  phosphorus,  averaging  0,63  mg/L.  Effluent  TSS  averaged  17.4  mg/L. 
Influent  strength  has  remained  relatively  steady  over  the  5  year  period, 
averaging  118  mg/L  BOD5 ,  148  mg/L  TSS  and  5.81  mg/L  total  phosphorus.  The 
average  daily  flow  to  the  plant  for  the  5  year  period  was  3420  m-^/d,  68.4 
percent  of  design  flow. 

Monthly  effluent  quality  data  for  1984  and  1985  (BOD5,  suspended 
solids  and  total  phosphorus)  are  presented  on  Table  2.3.  Effluent  total 
phosphorus  levels  were  consistantly  less  than  0.85  mg/L  despite  suspended 
solids  concentrations  of  up  to  34  mg/L.  Monthly  average  effluent  BOD5  con- 
centrations exceeded  15  mg/L  for  5  months,  but  never  exceeded  25  mg/L  in  the 
2  year  period.  Effluent  TSS  exceeded  25  mg/L  for  three  months  in  1984  and 
for  five  months  in  1985. 

2.1.3  Sampling  Program 

The  Fergus  WPCP  was  sampled  between  18  June  and  10  July,  1986. 
Twelve  daily  samples  were  collected  over  the  monitoring  period.  It  should  be 
noted  that  samples  were  not  collected  on  weekends  or  during  local  industry 
shut  downs  so  that  plant  influent  strengths  and  flows  were  typical. 

Sampling  locations  were  identified  on  Figure  2.1.  Twenty-four  hour 
composite  samples  of  raw  wastewater  (after  grit  removal)  and  primary  effluent 
were  collected.  Flow  proportioned  24-hour  composite  samples  of  chlorinated 
secondary  effluent  were  collected.   Mixed  liquor  suspended  solids  analyses 
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TABLE  2.3  MONTHLY  AVERAGE  PERFORMANCE  OF  FERGUS  WPCP 


Year 

Month 

Effluent  BOD5 
(mg/L) 

n 
BOD 

Effluent  TSS 
(mg/L) 

n 
TSS 

Effluent  TP 
(mg/L) 

n 
TP 

Jan. 

9.9 

1 

21.2 

21 

0.64 

32 

Feb. 

8.4 

2 

13.7 

2 

0.54 

31 

Mar. 

17.1 

2 

10.9 

22 

0.65 

33 

Apr. 

9.3 

2 

10.0 

19 

0.67 

32 

May 

4.5 

2 

12.3 

24 

0.64 

33 

June 

8.6 

2 

12.3 

23 

0.81 

32 

1984 

July 

5.9 

1 

14.8 

21 

0.73 

32 

Aug. 

16.0 

1 

15.4 

23 

0.69 

32 

Sept. 

9.9 

2 

25.1 

21 

0,63 

32 

Oct. 

16.2 

2 

29.8 

24 

0.67 

33 

Nov. 

8.3 

2 

27.0 

23 

0.34 

32 

Dec. 

12.5 

1 

13.5 

20 

0.75 

31 

. 

Jan. 

19.7 

2 

33.8 

24 

0.82 

33 

Feb. 

14.4 

3 

31.8 

23 

0.58 

31 

Mar. 

12.4 

2 

31.6 

23 

0.49 

33 

Apr. 

15.9 

2 

19.7 

2 

0.49 

32 

May 

10.2 

2 

22.2 

24 

0.61 

33 

June 

7.2 

2 

18.8 

22 

0.59 

32 

1985 

July 

6.7 

1 

23.3 

22 

0.66 

32 

Aug. 

10.2 

1 

18.9 

22 

0.72 

32  1 

Sept. 

4.9 

2 

20.1 

22 

0.42 

32 

Oct. 

5.6 

2 

33.6 

24 

0.48 

33 

Nov. 

9.3 

2 

13.2 

22 

0.39 

32 

Dec. 

5.5 

1 

27.4 

20 

0.36 

32 

n  -  number  of  samples 
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conducted  on  site  by  plant  staff  at  Fergus  WPCP  were  recorded.  Occasional 
grab  samples  of  return  sludge  were  taken  co  allow  SRT  calculations  to  be  car- 
ried out. 

2.2      Results  of  Sampling  Program 

Table  2.4  presents  a  summary  of  operating  data  for  the  twelve  days 
the  plant  was  sampled.  The  average  daily  flow  for  these  days  was  3,fi97  m^/d 
or  73.9  percent  of  design  flow.  The  maximum  instantaneous  peak  flow  of  6,916 
m-^/d  occurred  on  23  June  1986.  This  was  much  less  than  the  estimated  annual 
daily  peak  flow  of  9100  m^/d. 

Sludge  was  wasted  6  days  for  the  entire  23  days  between  the  start 
and  end  of  sampling,  resulting  in  an  average  waste  sludge  flow  of  37.7  m^/d. 
The  solids  retention  time  achieved  during  this  period  averaged  about  13.6 
days.  Historical  monthly  data  for  1985  has  shown  that  the  plant  achieves  a 
high  degree  of  nitrification.  Influent  TKN  concentrations  (in  1985)  averag- 
ing 30.0  mg/L  were  reduced  to  an  average  effluent  (1985)  concentration  of 
2.73  mg/L.  Although  there  were  no  data  available  for  nitrification  during 
the  sampling  period,  MLSS  and  sludge  wasting  rates  from  1985  are  consistent 
with  those  measured  during  the  sampling  period.  The  long  SRT  during  the 
sampling  period  was  similar  to  the  SRT  maintained  during  1985  and  found  to  be 
conducive  to  nitrification. 

Ferrous  chloride  was  added  continuously  to  the  primary  effluent. 
Although  the  chemical  flow  rate  may  have  been  adjusted  daily,  dosage  was  cal- 
culated on  a  weekly  basis.  The  daily  chemical  usage  could  not  be  accurately 
measured  due  to  the  extremely  small  height  increment  in  the  liquid  level  in 
the  chemical  tank.  The  concentration  of  iron  in  one  grab  sample  of  ferrous 
chloride  from  the  batch  used  during  the  sampling  period  was  found  to  be 
6.6%.  This  compared  to  a  concentration  reported  by  plant  staff  of  6.5%  Fe. 
The  weight  of  Fe^"*"  and  dosages  used  were  based  on  the  weekly  chemical  volume 
used  (at  6.51  Fe)  and  average  daily  flow,  as  calculated  by  plant  staff. 

For  the  12  days  sampled,  the  raw  wastewater  had  average  concentra- 
tions of  73  mg/L  BOO5,  171  mg/L  suspended  solids  and  3.84  mg/L  total  phos- 
phorus, of  which  approximately  55  percent  was  in  soluble  form.  The  final 
effluent  had  average  concentrations  of  4.6  mg/L  BOO5,  12.6  mg/L  suspended 
solids  and  0.59  mg/L  total  phosphorus,  of  which  approximately  71  percent  was 
in  soluble  form. 
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The  results  of  the  monitoring  program  are  summarized  in  Table  2.5. 
The  raw  wastewater  strength  in  terms  of  BOD5  and  total  phosphorus  was  low 
compared  to  historical  data.  Effluent  BOD5  concentrations  were  lower  than 
historical  data,  but  effluent  total  phosphorus  concentrations  were  compar- 
able. Influent  suspended  solids  concentrations  were  typically  higher  than 
historical  data.  However,  good  suspended  solids  removal  in  the  plant  result- 
ed in  an  average  suspended  solids  concentration  that  was  lower  than  the  aver- 
age for  any  of  the  five  years  (1981  -  1985). 

One  possible  reason  for  the  discrepancies  between  the  historical 
data  and  the  sampling  data  is  the  difference  in  sampling  methodology.  His- 
torical data  for  BOD5,  influent  suspended  solids  and  influent  total  phosphor- 
us were  based  on  two  8-hour  manually  composited  samples  per  month.  Effluent 
suspended  solids  and  phosphorus  samples  were  also  collected  by  this  approach, 
and  averaged  with  grab  sample  results  from  samples  collected  at  8.00  A.M. 
each  day.  Thus,  night  flow  periods  (5  P.M.  to  8  A.M.)  were  not  included  in 
historical  data.  Samples  collected  for  this  study  were  all  2<l  hour  composite 
samples.  Despite  the  different  sampling  methods,  the  effluent  quality  found 
for  this  study  confirms  the  historical  pattern  of  superior  performance  in 
terms  of  BOD5  and  total  phosphorus.  The  results  also  suggest  that  the  actual 
effluent  suspended  solids  concentrations  may  be  lower  than  historically 
reported  data  due  to  the  effect  of  night  flows  not  taken  into  account  in  the 
historic  data. 

Probability  distributions  of  the  soluble  phosphorus  in  raw  sewage, 
primary  effluent  and  final  effluent  are  presented  in  Figure  2.2.  Extrapola- 
tion of  the  data  in  Figure  2.2  shows  a  95  percent  probability  that  influent 
soluble  phosphorus  concentrations  will  be  less  than  3.6  mg/L,  and  effluent 
soluble  phosphorus  concentrations  will  be  less  than  0.76  mg/L. 

Key  operating  parameters  affecting  phosphorus  removal  at  the  Fergus 
WPCP  are  summarized  in  Table  2.6.  Total  daily  flows  averaged  only  74  percent 
of  design  values,  resulting  in  a  low  average  clarifier  surface  load  of  16.3 
m-^/m^.d.  The  low  clarifier  surface  load,  and  good  sludge  settleabi  1  ity 
(average  SVI  of  81)  produced  an  average  effluent  suspended  solids  concentra- 
tion of  12.1  mg/L.  Phosphorus  concentrations  associated  with  particulate 
matter  were  therefore  low,  averaging  0.17  mg/L. 
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TABLE  2.5.   SUMMARY  OF  PERFORMANCE  MONITORING  DATA  FOR  FERGUS  WPCP 


DATE 

STREAM 

CONCENTRATION 

BOD5 

TSS 

Total  P 

Sol.  P 

18/6 

Raw 

Primary  Effluent 

Final  Effluent 

80 

4 

170 
10 

3.50 
3.10 
0.57 

1.9 
1.8 
0.51 

19/5 

Raw 

Primary  Effluent 

Final  Effluent 

70 

4.8 

220 

12 

3.71 
2.08 

0.68 

1.54 

1.17 
0.64 

23/6 

Raw 

Primary  Effluent 

Final  Effluent 

90 
3.8 

180 
9 

3.74 
1.73 
0.48 

1.68 
1.42 
0.41 

24/6 

Raw 

Primary  Effluent 

Final  Effluent 

70 

220 

7 

3.26 
2.70 
0.26 

2.10 
1.82 
0.22 

25/6 

Raw 

Primary  Effluent 

Final  Effluent 

62 

3.4 

160 
6 

5.84 
2.17 
0.37 

1.47 
1.54 
0.30 

26/6 

Raw 

Primary  Effluent 

Final  Effluent 

73.6 
2.7 

260 

10 

3.27 
3.50 
0.50 

1.71 
1.77 
0.32 

3/7 

Raw 

Primary  Effluent 

Final  Effluent 

61 
2.1 

240 
16 

3.90 
2.30 
0.53 

1.81 
1.28 
0.37 

4/7 

Raw 

Primary  Effluent 

Final  Effluent 

63.7 
3.3 

180 
16 

3.43 
2.43 
0.48 

2.07 
1.33 
0.32 

7/7 

Raw 

Primary  Effluent 

Final  Effluent 

104 

4.9 

170 
33 

4.90 
4.54 
0.91 

2.36 
1.40 
0.63 

8/7 

Raw 

Primary  Effluent 

Final  Effluent 

85.7 
8.8 

120 
14 

3.60 
3.32 
1.03 

3.44 
0.94 
0.57 

9/7 

Raw 

Primary  Effluent 

Final  Effluent 

38 
7.4 

30.7 
5.2 

3.40 
4.08 
0.62 

2.33 
1.15 
0.40 

10/7 

Raw 

Primary  Effluent 

Final  Effluent 

73 
5.9 

102 

3.50 
3.92 

0.59 

3.10 
1.08 
0.36 

Averages 

Raw 

Primary  Effluent 

Final  Effluent 

72.6 

4.6 

171 
12.6 

3.84 
2.99 
0.59 

2.13 
1.39 
0.42 

Standard 
Dev. 

Raw 

Primary  Effluent 

Final  Effluent 

16.7 
2.0 

63.8 
7.7 

0.77 

0.R9 
0,21 

0.61 
0.29 
0.14 
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The  soluble  phosphorus  concentrations  in  the  effluent  from  primary 
treatment  was  low,  averaging  1.39  mg/L  and  not  found  to  exceed  1.8  mg/L. 
The  iron  dosage  added  for  precipitation  was  4.7  mg/L,  resulting  in  a  molar 
ratio  of  iron  to  soluble  phosphorus  of  1.76.  Comparing  this  to  the  Fe:? 
stochiometric  requirement  of  1  shows  that  a  sufficient  dosage  of  ferrous  was 
being  added,  resulting  in  low  effluent  soluble  phosphorus  concentrations, 
averaging  0.42  mg/L.  It  should  be  noted  that  plant  staff  aim  to  achieve 
effluent  phosphorus  concentrations  of  about  0.6  mg/L.  The  chemical  dosage 
rate  is  adjusted  daily  based  on  daily  on-site  analysis  of  effluent  phosphorus 
in  an  8  a.m.  grab  sample. 

2.3      Conclusions  of  Fergus  WPCP  Monitoring  Program 

The  monitoring  program  at  Fergus  WPCP  involved  collection  of  24- 
hour  composite  samples  of  influent,  primary  effluent  and  final  effluent  on 
twelve  days  over  a  24  day  period.  The  results  confirmed  the  historical  data 
in  terms  of  flows,  and  influent  and  effluent  concentrations  of  BOOg  and  total 
phosph"orus.  Relatively  high  influent  suspended  solids  and  low  effluent  sus- 
pended solids  found  during  the  monitoring  period  may  be  a  result  of  the  dif- 
ferent sampling  methodologies  used  during  this  study  and  used  historically. 

The  major  factors  contributing  to  the  efficient  phosphorus  removal 
achieved  at  Fergus  WPCP  were: 

1)   sufficient  iron  dosage  resulting  in  low  effluent  soluble  phosphorus 
concentrations;  and, 
ii)   good  sludge  settleabi 1 i ty  and  low  secondary  clarifier  surface  load- 
ing resulting  in  low  effluent  particulate  phosphorus  concentra- 
tions. 
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3.0  MIDLAND  WATER  POLLUTION  CONTROL  PLANT 

3.1  Plant  Description  and  Historical  Perfonnance 
3.1.1    '  Plant  Description 

The  Midland  WPCP  is  operated  by  the  Town  of  Midland,  and  serves  a 
population  of  12,000  (1985).  Approximately  80  percent  of  the  flow  to  the 
plant  is  domestic  and  20  percent  results  from  local  industries.  In  September 
1981,  the  plant  was  expanded  from  a  primary  plant  to  a  conventional  activated 
sludge  plant  designed  to  handle  an  average  daily  flow  of  13,638  m^/d.  Figure 
3.1  presents  a  schematic  of  the  treatment  plant.  Key  design  parameters  are 
summarized  in  Table  3.1. 

Raw  sewage  is  pumped  into  the  plant  from  four  off-site  pumping  sta- 
tions. Flow  is  treated  for  grit  removal  by  a  detritor  and  is  then  divided 
for  treatment  in  two  parallel  round  primary  clarifiers.  Each  clarifier  is 
14.5  m  in  diameter  and  has  a  side  wall  depth  of  1.7  m,  providing  a  surface 
area  of  165  m^  and  a  volume  of  454  m^.  Waste  activated  sludge  from  the  bio- 
logical system  is  co-thickened  with  primary  sludge  in  the  clarifiers. 

Following  primary  treatment,  the  total  flow  enters  the  aeration 
system  consisting  of  six  completely  mixed  mechanically  aerated  cells  in 
series.  Only  four  cells  have  been  in  use  since  the  plant  expansion  in  1981. 
Each  cell  is  500  m^,  resulting  in  an  aeration  tank  liquid  volume  of  2000  m^ 
in  use  (total  available  3000  m^).  Ferric  chloride  is  added  for  phosphorus 
removal  on  a  continuous  basis  to  the  fourth  cell  of  the  aeration  tank.  The 
chemical  feed  rate  is  occasionally  adjusted  manually. 

After  aeration,  mixed  liquor  enters  two  parallel  round  secondary 
clarifiers  for  sedimentation.  Each  clarifier  has  a  diameter  of  29.7  m  and  a 
3.05  m  side  wall  depth,  providing  a  surface  area  of  694  m^  and  a  volume  of 
2,118  m'^.  Return  activated  sludge  is  pumped  to  the  front  end  of  the  aeration 
system  and  waste  sludge  from  the  return  line  enters  the  primary  clarifiers 
for  thickening.  The  total  secondary  clarifier  effluent  enters  a  chlorine 
contact  chamber  with  total  volume  of  427  m-^.  Chlorinated  effluent  is 
discharged  to  Midland  Bay. 

Sludge  from  the  primary  clarifiers  is  digested  in  a  two  stage  an- 
aerobic system.  Both  the  primary  digester  and  secondary  digester  provide 
volumes  of  454  m-^.   Methane  gas  produced  in  the  anaerobic  process  is  used  in 
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TABLE  3.1:   DESIGN  SUMMARY  -  MIDLAND  WPCP 


DESIGN  CRITERIA 

DESIGN   VALUE 

OPERATING   LEVEL    * 

Flow   (m^/d) 
Average  Daily 
Peak  Day 

13,638 

9,250 
est.   22,000 

BOD  Loading   (kg/d) 

3,069 

700 

Sewer  Collection  System 
BYPASS 

60%  Combined 
No  Bypass 

— 

Primary  Clarification 
HRT    (Hours) 

Avg  Surface  Load   (m-^/m^  d) 
Peak  Surface  Load   (m-^/m^.d) 

1.6 
41.4 

2.3 
28.1 
66.8 

Aeration  System** 
HRT    (Hours) 
BOD  Load   (kg/m^.d)*** 
Return  Sludge  Rate   (%) 

3.5 
0.92 

5.2 
0.21 
75 

Phosphorus  Removal 
Chemical 
Average  Dosage   (mg  Fe/L) 

Feci  3 

7.3  mg/L    (1984), 
5.2  mg/L    (1985) 

Secondary  Clarification 
HRT    (Hours) 

AVG.    Surface  Load    (m3/m2.d) 
Peak  Surface  Load   (m^/m^.d) 

7.5 
9.82 

11.0 
6.66 
15.84 

Chlorination 

HRT  (a  Peak   Flow   (min) 

— 

28.0 

*  Based  on   1981-1985  Historical   Data 
**  Based   on  4  aeration   cells   in   use. 
***  At   40%  primary   cl'arifier  BOD5   removal 
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the  boiler  at  Midland  WPCP.  Digested  sludge  is  dewatered  by  means  of  a 
multi-stage  belt  filter  press  and  the  dewatered  sludge  cake  is  hauled  away 
for  final    disposal    at  a  municipal    landfill. 

3.1.2  Historical   Performance 

Table  3.2  summarizes  the  annual  performance  of  the  Midland  WPCP  for 
the  years  1981  to  1985.  Since  the  plant  expanded  to  secondary  treatment  in 
1981,  consistently  high  effluent  quality  has  been  achieved.  Average  effluent 
concentrations  for  1982  to  1985  were  8.2  mg/L  BOD5,  6.3  mg/L  for  TSS  and  0.48 
mg/L  total  phosphorus.  Influent  strength,  with  the  exception  of  phosphorus, 
has  remained  relatively  steady  since  1981,  with  average  concentrations  of 
75.5  mg/L  BOD5  and  175  mg/L  suspended  solids.  An  extremely  high  influent 
concentration  for  total  phosphorus  was  reported  in  1981  (30.1  mg/L);  however, 
1982  to  1985  phosphorus  concentrations  were  fairly  steady,  averaging  5.0 
mg/L).  A  local  industry  discharged  high  concentrations  of  phosphorus  as  a 
result  of  phosphoric  acid  usage  previous  to  1982;  this  practice  was  discon- 
tinued, in  1982  resulting  in  a  significant  decrease  in  raw  wastewater  total 
phosphorus  content. 

The  monthly  average  effluent  quality  data  for  1984  and  1985  are 
presented  in  Table  3.3.  With  the  exception  of  two  months  in  1984,  most  of 
monthly  averages  were  based  on  less  than  five  samples  per  month.  No  data  was 
reported  for  1  month  in  each  year.  The  monthly  average  R0n5  concentrations 
were  less  than  15  mg/L  for  all  but  three  months  in  1984.  Effluent  suspended 
solids  concentrations  were  found  to  be  less  than  15  mg/L  for  all  months  in 
1984  and  1985.  Effluent  phosphorus  concentrations  were  less  than  1  mg/L  for 
all  but  one  month  in  1984. 

3.1.3  Monitoring  Program 

The  Midland  WPCP  was  sampled  on  12  days  in  the  one  month  period  be- 
tween 24  June  to  24  July,  1986.  Samples  were  not  collected  on  weekends  or 
during  local  industry  shutdowns  so  that  plant  flows  and  influent  strengths 
were  typical    of   normal    operation. 

Sampling  locations  were  identified  in  Figure  3.1,  Twenty-four  hour 
composite  samples  of  raw  wastewater  after  grit  removal  and  primary  effluent 
were  collected.      Flow   proportioned   24-hour  composite   samples   of   secondary   ef- 
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TABLE  3.3  MONTHLY  AVERAGE  PERFORMANCE  OF  MIDLAND  WPCP 


Year 

Month 

Effluent  BOD5 

n 

Effluent  TSS 

n 

Effluent  TP 

n 

(mg/L) 

BOD 

(mg/L) 

TSS 

(mg/L) 

TP 

Jan. 

6.1 

1 

11.5 

1 

0.30 

1 

Feb. 

11.0 

1 

7.7 

1 

0.25 

1 

Mar. 

— 

- 

— 

- 

- 

Apr. 

9.0 

1 

14.0 

1 

0.53 

1 

May 

7.8 

2 

7.3 

2 

0.72 

2 

June 

2.8 

4 

8.0 

4 

0.45 

4 

1984 

July 

15.6 

3 

4.6 

3 

0.42 

3 

Aug. 

43.8 

5 

5.9 

5 

0.53 

5  1 

Sept. 

23.8 

3 

4.8 

3 

0.65 

3 

Oct. 

11.1 

9 

5.1 

9 

0.33 

8 

Nov. 

12.6 

5 

5.9 

4 

0.91 

4 

Dec. 

9.0 

3 

6.6 

3 

1.12 

3 

Jan. 

2.4 

1 

7.9 

1 

0.62 

1  1 

Feb. 

1.9 

1 

5.1 

2 

-  1 

Mar. 

2.9 

2 

9.3 

2 

0.47 

1  1 

Apr. 

2.3 

2 

6.2 

2 

0.86 

1  1 

May 

3.2 

2 

5.7 

2. 

0.69 

1  1 

June 

4.8 

2 

6.2 

2 

0.80 

2  1 

1985 

July 

— 

-- 

- 

0.60 

-  1 

Aug. 

1.5 

3 

4.2 

3 

0.49 

3 

Sept. 

1.3 

1 

5.9 

1 

0.55 

1 

Oct. 

2.4 

2 

4.9 

2 

0.31 

2 

Nov. 

2.6 

2 

6.4 

2 

0.37 

2 

Dec. 

8.0 

2 

9.2 

uU 

0.55 

Jj 

n  -  number  of  samples 
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fluent  (after  chlori nation)  were  collected.  Mixed  liquor  suspended  solids 
analyses  conducted  on  site  by  plant  staff  at  Midland  WPCP  were  recorded,  but 
occasional  grab  samples  of  return  sludge  were  taken  to  allow  SRT  calculations 
to  be  carried  out. 

3.2      Results  of  Sampling  Program 

Table  3.4  presents  a  summary  of  operating  data  for  the  twelve  days 
the  plant  was  sampled.  The  average  daily  flow  for  these  days  was  10,350  m-^/d 
or  75.9  percent  of  design  flow.  The  instantaneous  peak  flow  varied  from 
16,000  to  23,000  m3/d.  Despite  heavy  rainfall  during  this  period,  the  flows 
were  relatively  invariable  and  were  comparable  to  the  annual  average  1985 
flow  of  10,910  m^/day. 

A  steady  mixed  liquor  concentration  in  the  aeration  tank  averaged 
3,430  mg/L  for  the  twelve  days.  An  average  of  153  m-^/d  of  sludge  was 
wasted,  resulting  in  a  solids  retention  time  of  5.2  days.  Complete  nitrifi- 
cation has  historically  not  been  achieved  by  the  plant  as  shown  by  an  annual 
average  effluent  ammonia  concentration  of  9.0  mg/L  reported  in  1985. 

Ferric  chloride  was  added  continuously  to  the  fourth  cell  of  the 
aeration  tank.  Chemical  flow  rates  were  adjusted  occasionally  by  plant  staff 
and  usage  was  calculated  on  a  daily  basis  from  the  increment  in  the  liquid 
level  in  the  ferric  chloride  storage  tank.  One  grab  sample  of  ferric 
chloride  analyzed  for  iron  concentration  (12.5%)  in  the  chemical  tank  used  in 
the  sampling  period  was  comparable  to  the  concentration  reported  by  the 
chemical  distributor  of  12.7  percent.  The  weight  of  iron  and  resulting  dos- 
ages were  based  on  daily  chemical  volume  utilization  and  average  daily 
flows.  An  average  of  38  kg  Fe-^'''/d  was  used  over  the  days  sampled,  resulting 
in  an  average  iron  dosage  of  3.7  mg/L. 

The  results  of  the  monitoring  program  are  summarized  in  Table  3.5. 
The  raw  wastewater  strength  in  terms  of  BOD5  was  low  compared  to  historical 
data,  averaging  only  55.1  mg/L.  Influent  suspended  solids  concentrations, 
averaging  164  mg/L,  were  comparable  to  historical  data  despite  the  fact  that 
there  were  three  days  on  which  the  concentration  was  less  than  90  mg/L.  The 
low  average  BOD5  and  occasionally  low  suspended  solids  concentrations  were 
probably  a  result  of  stormwater  dilution  In  the  combined  sewer  system,  since 
low  values  occurred  on  the  days  that  it  rained.  Influent  phosphorus  concen- 
tration averaging  5.8  mg/L  were  comparable  to  the  historical  average. 
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TABLE  3.5.  SUMMARY  OF  PERFORMANCE  MONITORING  DATA  FOR  MIDLAND  WPCP 


DATE 

STREAM 

CONCENTRATION 

BOD5 

TSS 

Total  P 

Sol.  P 

24/6 

Raw 

Primary  Effluent 
Final  Effluent 

40 
2.5 

190 
6 

4.2 

2.24 

0.63 

1.34 
1.57 
0.52 

25/6 

Raw 

Primary  Effluent 
Final  Effluent 

49 
3.1 

130 
6 

3.2 

3.16 
0.60 

1.58 
1.34 
0.52 

3/7 

Raw 

Primary  Effluent 

Final  Effluent 

54 
1.0 

290 
12 

5.7 

2.02 

0.69 

3.11 
1.95 
0.52 

4/7 

Raw 

Primary  Effluent 

Final  Effluent 

54 
1.1 

290 

10 

5.7 
2.02 

3.11 
1.95 

8/7 

Raw 

Primary  Effluent 
Final  Effluent 

54 
2.6 

120 
9 

3.5 

4.25 

0.79 

1.90 
1.75 
0.63 

9/7 

Raw 

Primary  Effluent 

Final  Effluent 

72 
2.2 

170 

8 

5.9 

2.75 

0.69 

2.20 

1.48 
0.52 

ia/7 

Raw 

Primary  Effluent 
Final  Effluent 

9.7 
5.4 

25 

7.5 

5.3 

3.70 

0.59 

2.47 
2.36 

0.58 

11/7 

Raw 

Primary  Effluent 
Final  Effluent 

49.3 
2.9 

130 
7 

8.0 

4.12 

0.79 

4.78 
2.15 
0.68 

15/7 

Raw 

Primary  Effluent 
Final  Effluent 

66 

3.1 

190 

5.0 
2.40 

0.55 

1.86 

0.45 
0.42 

16/7 

Raw 

Primary  Effluent 

Final  Effluent 

59 
1.7 

200 

4 

11.7 
2.80 
0.53 

1.2 

1.27 

0.45 

22/7 

Raw 

Primary  Effluent 

Final  Effluent 

59 
3.0 

90 
3 

6,5 

4.19 

0.89 

4.6 

1.70 

0.53 

23/7 

Raw 

Primary  Effluent 

Final  Effluent 

95 

3.0 

90 
3 

4.6 

2.50 

0.80 

2.7 

2.00 

0.66 

Averages 

Raw 

Primary  Effluent 

Final  Effluent 

55.1 
2.6 

164 
6.2 

5.78 
3.01 
0.69 

2.57 
1.66 
0.54 

Standard 
Dev. 

Raw 

Primary  Effluent 

Final  Effluent 

20.0 
1.1 

73.7 
3.3 

2.28 
0.85 
0.12 

1.17 
0.50 
0.09 
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Average  effluent  concentrations  found  for  the  days  monitored  were  2.5  mg/L 
3OD5,  6.2  mg/L  suspended  solids  and  0.54  mg/L  total  phosphorus.  Effluent 
quality  in  terms  of  BOD5  and  suspended  solids  was  better  than  found  in  the 
historical  data  (1982  -  1985),  but  was  comparable  to  the  1985  average. 
Effluent  phosphorus  concentration  were  similar  to  the  historical  average. 

The  excessive  rainfall  during  the  study  period  has  been  suggested 
as  one  factor  in  the  discrepancies  between  historical  data  and  monitoring 
data.  Another  factor  may  be  the  differences  in  sampling  frequencies. 
Although  both  historical  data  and  the  present  monitoring  data  were  based  on 
24-hour  composite  samples,  the  present  study  provided  a  much  larger  and  more 
intensive  data  base.  The  historical  data  base  was  typically  based  on  two 
samples  per  month.  Since  there  was  some  variability  noted  in  influent  con- 
centrations of  BOD5  and  suspended  solids  in  this  study,  two  samples  per  month 
may  not  have  been  representative  of  the  actual  monthly  concentrations. 

Figure  3.2  presents  probability  distributions  for  total  phosphorus 
in  raw  and  final  effluent  and  soluble  phosphorus  in  raw,  primary  effluent  and 
final  effluent.  It  can  be  observed  that  despite  the  high  variability  (indi- 
cated by  the  slope  of  the  probability  line)  in  influent  total  and  soluble 
phosphorus,  effluent  total  and  soluble  phosphorus  concentrations  show  rela- 
tively little  variability.  By  extrapolation,  the  95-  percent  probability  con- 
centration (95  percent  probability  of  a  concentration  less  than  or  equal  to) 
for  influent  total  phosphorus  is  12  mg/L  and  for  effluent  total  phosphorus  is 
0.92  mg/L. 

Key  operating  parameters  affecting  phosphorus  removal  at  the  Mid- 
land WPCP  are  summarized  in  Table  3.6.  The  average  flow  during  the  period 
was  10,350  m^/d  or  76  percent  of  design  capacity.  The  resulting  secondary 
clarifier  surface  load  was  7.5  m^/m^-d.  The  extremely  low  clarifier  sur- 
face loading  and  the  good  sludge  settleabi 1 i ty  observed  at  the  plant  provided 
excellent  removal  of  suspended  solids.  The  average  suspended  solids  concen- 
tration found  in  the  effluent  was  6.2  mg/L,  which  caused  very  low  effluent 
particulate  phosphorus  concentrations  averaging  0.16  mg/L. 

The  molar  ratio  of  iron  to  primary  clarifier  soluble  phosphorus 
averaged  1.53.  Since  the  stociometric  requirement  of  Fe:P  is  1,  it  can  be 
concluded  that  there  was  a  sufficient  reserve  of  iron  in  the  aeration  system 
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FIGURE    3-2:     PROBABILITY    DISTRIBUTIONS   FOR   PHOSPHOR 
DATA    AT    THE    MIDLAND   WPCP 
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to  buffer  higher  concentrations  and  maintain  low  phosphorus  levels  in  the 
effluent.  The  effluent  soluble  phosphorus  concentration  was  found  to  be 
steady,  ranging  from  0.42  to  0.66  mg/L  for  the  twelve  days. 

3,3      Conclusions  of  the  Midland  WPCP  Monitoring  Program 

The  monitoring  program  at  Midland  WPCP  involved  collection  of  24- 
hour  composite  samples  of  influent,  primary  effluent  and  final  effluent  on 
twelve  days  in  a  one  month  period.  The  results  confirmed  the  historical  data 
in  terms  of  flows,  and  influent  and  effluent  suspended  solids  and  phosphorus 
concentrations.  The  relatively  low  influent  BOD5  concentrations  were  compar- 
able to  the  1984  and  1985  annual  averages  but  were  lower  than  the  five  year 
(1981  -  1985)  average.  This  could  imply  that  the  trend  since  1985  was  lower 
influent  BOO5  strength,  possibly  due  to  increased  sewer  infiltration.  The 
lower  effluent  BOD5  concentration  found  for  this  study  was  comparable  to  the 
1985  average,  implying  improved  BOD5  removal  performance  since  1984. 

The  major  factor  contributing  to  the  effluent  phosphorus  removal 
efficiency  at  Midland  WPCP  was  an  extremely  low  secondary  clarifier  surface 
loading,  resulting  in  very  efficient  suspended  solids  removal  and  low  partic- 
ulate phosphorus  concentrations.  Chemical  dosage,  at  an  average  molar  ratio 
(Fe:P)  of  1.5  based  on  primary  effluent  soluble  phosphorus,  was  adequate  to 
maintain  secondary  effluent-  soluble  phosphorus  concentrations  in  the  0.4  to 
0.7  range. 
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4.0  COLLINGHOOO  WATER  POLLUTION  CONTROL  PLANT 

4.1  Plant  Description  and  Historical  Performance 
4.1.1     Plant  Description 

The  Collingwood  WPCP  serves  a  population  of  11,500  in  the  Town  of 
Collingwood.  Approximately  one  half  of  the  flow  to  the  plant  is  contributed 
by  local  industries,  including  3,600  m-^/d  from  a  glass  manufacturing  plant 
and  1,750  mvd  from  a  starch  industry.  The  plant  was  expanded  from  a  primary 
facility  in  1981  to  a  conventional  activated  sludge  plant  with  flow  capacity 
of  24,548  mVday.  Figure  4.1  presents  a  flow  schematic  of  the  plant.  Key 
design  parameters  are  presented  in  Table  4.1. 

Raw  sewage  passes  through  a  bar  screen  to  the  raw  sewage  pump  sta- 
tion, where  the  flow  is  lifted  to  the  inlet  works.  A  flow  recorder  measures 
influent  flows. 

The  flow  is  treated  in  two  parallel  aerated  grit  tanks  and  two  bar- 
minutors.  Primary  clarification  following  grit  removal  takes  place  in  three 
parallel  rectangular  clarifiers,  each  with  a  surface  area  of  177  m^  and  a 
depth  of  3.5  m,  providing  a  volume  of  629  m-^.  Primary  sludge  is  pumped  to 
the  sludge  digesters. 

Biological  treatment  of  the  flow  takes  place  in  two  parallel  aera- 
tion tanks,  each  consisting  of  three  cells.  Each  cell  is  equipped  with  a  40 
HP  mechanical  surface  aerator.  Each  tank  provides  a  volume  of  2915  m^  for 
aeration. 

Sedimentation  takes  places  in  two  rectangular  clarifiers,  each  with 
surface  areas  of  746  m^  and  3.7  m  side  wall  depth,  providing  a  volume  of  2760 
m^.  Collectors  scrape  the  settled  sludge  from  the  bottom  of  the  tanks  to 
hoppers.  The  secondary  sludge  is  removed  from  the  hoppers  through  adjustable 
valves  by  hydrostatic  pressure,  and  returned  by  two  Archemedi an-type  screw 
pumps  to  the  aeration  tanks. 

Sludge  wasted  from  the  return  line  is  thickened  in  a  dissolved  air 
flotation  thickener  and  then  digested  in  a  two  stage  anaerobic  digestion  pro- 
cess. Two  primary  digesters  and  two  secondary  digesters  are  available  for 
digestion.  Digested  sludge  is  hauled  away  from  the  plant  for  land  disposal 
and  supernatant  is  returned  to  the  front  end  of  the  plant. 
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TABLE   4.1    -   DESIGN   SUMMARY    -  COLLINGWOOD   WPCP 


DESIGN   CRITERIA 

DESIGN   VALUE 

OPERATING    LEVEL* 

Flow   Cm^/d) 

24,548 
86,374 

16,830 
Est   31,822 

Average  Daily 
Peak  Day 

BOD  Loading    (kg/d) 

4,910 

2,864 

Sewer  Collection  System 

Bypass   -  Point 

Frequency 
Discharge  Point 

10%  Combined  Flow 
Influent  Overflow 

Before  Chlorination 

Never 

Primary  Clarification 

1.8 

42.2 

162.5 

2.6 
28.9 

59.9 

HRT                                (hours) 
Avg.    Surface  Load   (m^/m^-d) 
Peak   Surface  Load   {m^/m^'6) 

Aeration  System 

5.8 
0.64 

8.46 
0.29 

40 

HRT                                    (hours) 
B09   Load                        (kg/m^-d) 
Return  Sludge  Rate   (%) 

Phosphorus  Removal 

Alum 

1984=2.9,   1985=3.9 

Chemical 

Average  Dosage   (mg  Al/L) 

Secondary  Clarification 

5.4 
16.5 
58.1 

3.7 
11.3 
21.4 

HRT                                       (hours) 
Avg.    Surface  Loading    (m^/m^'d) 
Peak   Surface  Loading   (m^/m^-d) 

Chlori nation 

8.5 

23.1 

1 

HRT   (3  Peak   Flow   (min) 

♦Based  on   1981-1985  Historical   Data 
**At  40%  primary  clarifier  BOD5   removal 
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Secondary  effluent  is  chlorinated  in  a  1022  m^  chlorine  contact 
chamber  before  discharge  into  the  Nottawasaga  Ray. 

Phosphorus  removal  from  the  wastewater  takes  place  by  continuous 
addition  of  alum.  Approximately  40  percent  of  the  alum  dosage  is  added  to 
the  force  main  directly  before  treatment  in  the  aerated  grit  tanks.  The  re- 
maining 60  percent  is  added  to  the  mixed  liquor  prior  to  secondary  clarifica- 
tion. Chemical  addition  rates  at  both  points  can  be  varied  in  proportion  to 
plant  flow. 

4.1.2     Historical  Performance 

Table  4.2  summarizes  the  annual  performance  of  the  Collingwood  WPCP 
for  the  years  1981  to  1985. 

Influent  strength  for  the  five  years  has  been  moderate,  with  an 
average  BOD5  of  170  mg/L,  an  average  suspended  solids  of  150  mg/L  and  average 
influent  total  phosphorus  of  7.76  mg/L.  The  annual  average  influent  total 
phosphorus  increased  significantly  from  less  than  6.5  mg/L  for  1981  to  1983 
to  gre.ater  than  10.2  mg/L  for  1984  and  1985. 

After  the  expansion  to  secondary  treatment  in  1981,  good  effluent 
quality  in  terms  of  BOD5  and  suspended  solids  has  been  achieved  for  all  years 
(1982  to  1985).  Four  year  average  effluent  concentrations  were  9.2  mg/L  BODg 
and  13.3  mg/L  suspended  solids.  Effluent  total  phosphorus  concentrations 
were  consistently  above  1  mg/L  for  all  years  except  1982,  resulting  in  a  four 
year  average  of  1.42  mg/L. 

Table  4.3  presents  the  monthly  average  effluent  quality  data  for 
1984  and  1985.  BOD5  concentrations  were  found  to  be  less  than  the  MCE  design 
criteria  of  15  mg/L  for  all  except  two  months  in  1984,  and  did  not  exceed  the 
MOE  effluent  requirement  of  25  mg/L  in  any  month  of  the  two  year  period. 
Effluent  suspended  solids  concentrations  ranged  from  5.5  mg/L  to  39  mg/L. 
With  the  exception  of  5  months,  monthly  average  effluent  suspended  solids 
were  less  than  or  equal  to  the  MOE  design  criterion  of  15  mg/L  and  exceeded 
effluent  guidelines  of  25  mg/L  for  two  of  these  months.  Phosphorus  concen- 
trations in  the  effluent  ranged  from  0.62  to  2.5  mg/L.  In  total,  only  four 
months  in  the  two  year  period  were  reported  to  have  effluent  total  phosphorus 
concentrations  less  than  1  mg/L. 
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4.3    -  MONTHLY   AVERAGE    PERFORMANCE    OF   COLLINGWOOD  WPCP 


YEAR 

MONTH 

EFFLUENT  BOD5 
(mg/L) 

n 
BOD 

EFFLUENT  TSS 
(mg/L) 

n 
TSS 

EFFLUENT  TP 
(mg/L) 

n 
TP 

Jan. 

6.6 

1 

14.0 

1 

0.80 

1 

Feb. 

4.4 

1 

8.7 

1 

2.66 

Mar. 

6.4 

1 

11.0 

1 

1.37 

Apr. 

1.5 

1 

39.0 

1 

1.30 

May 

10.4 

1 

23.6 

1 

3.20 

Jun. 

3.5 

1 

9.1 

1 

0.62 

1984 

Jul. 

23.0 

2 

- 

- 

1.40 

Aug. 

20.0 

2 

23.0 

- 

0.60 

Sep. 
Oct. 

2.2 

5.0 

1 
1 

5.5 
18.0 

1 

1 

1.08 
1.20 

Nov. 

7.0 

2 

8.0 

2 

- 

- 

Dec. 

5.2 

1 

8.0 

1 

2.20 

1 

Jan. 

3.5 

3 

9.0 

4 

2.57 

2 

Feb. 

4.5 

4 

10.1 

5 

2.11 

3 

Mar. 

5.0 

3 

5.5 

2 

1.40 

1 

Apr. 

7.0 

2 

16.0 

2 

1.40 

1 

May 

3.5 

2 

15.0 

2 

1.00 

1 

Jun. 

6.0 

2 

15.0 

1 

0.80 

1 

1985 

Jul. 

7.8 

2 

10.0 

2 

2.30 

2 

Aug. 

4.5 

2 

7.0 

3 

1.10 

1 

Sep. 
Oct. 

5.0 
10.3 

2 

5 

30.0 
12.7 

3 
9 

3.50 
2.40 

1 
6 

Nov. 

4.3 

3 

8.6 

3 

1.40 

7 

Dec. 

8.0 

3 

12.1 

4 

3.00 

8 

n   -  Number  of  samples 
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In  terms  of  sampling  frequency,  all  monthly  average  values  were 
based  on  one  or  two  samples  per  month  until  October  1985.  After  that  tine, 
more  samples  were  taken  and  analyzed  on-site  to  increase  the  number  of  month- 
ly samples  included  in  the  average  value.  In  1986,  at  least  five  samples  per 
week  of  influent  and  effluent  suspended  solids  and  total  phosphorus  have  been 
analyzed  on-site. 

4.1.3    Sampling  Program 

The  Collingwood  WPCP  was  sampled  eleven  days  in  the  28  day  period 
between  18  June  and  15  July,  1986.  Sampling  locations  were  identified  in 
Figure  4.1.  Twenty-four  hour  composite  samples  of  raw  wastewater  and  primary 
effluent  were  collected.  Flow  proportioned  24-hour  composite  samples  of  sec- 
ondary effluent  after  chlorination  were  collected.  In  addition,  occasional 
grab  samples  of  mixed  liquor  and  return  sludge  were  collected  to  allow  SRT 
calculations  to  be  completed. 

4.2  -    Results  of  Sampling  Program 

Table  4.4  presents  the  plant  operating  data  for  the  eleven  days 
that  the  Collingwood  WPCP  was  monitored.  Flows  during  the  monitoring  period 
averaged  17,440  m-^/day  or  71  percent  of  design  flow.  This  was  not  signifi- 
cantly different  from  the  1984  and  1985  annual  average  flows.  Peak  flows 
were  less  than  the  design  peak,  with  the  maximum  peak  flow  during  the  12  day 
period  of  23,000  m^/d  or  37  percent  of  design  peak  capacity.  Although  peak 
flows  are  not  documented  as  a  normal  practice  at  the  plant,  plant  staff  con- 
firmed that  daily  flows  are   typically  relatively  constant. 

The  biological  plant  was  operating  in  a  stable  mode,  with  high 
average  mixed  liquor  concentrations  of  5244  and  6844  mg/L  for  the  two  aera- 
tion tanks.  Sludge  was  wasted  at  a  constant  rate  of  229  m^/day,  with  an 
average  concentration  of  1.48  percent  as  solids.  The  resulting  solids  reten- 
tion time  for  the  twelve  days  averaged  10.2  days. 

Alum  was  added  on  a  continual  basis  at  the  two  locations  stated. 
Although  alum  dosages  were  adjusted  automatically  based  on  measured  plant 
flows,  the  resulting  dosage  did  not  correlate  to  the  total  flow  indicating 
that  there  was  a  problem  with  the  automatic  dosage  controller.  Plant  staff 
explained  that  the  pumps  were  old  and  not  performing  accurately.  The  average 
aluminum  dosage  to  the  plant  for  the  eleven  days  was  8.1  mg/L. 
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Table  4.5  presents  the  results  of  the  monitoring  program.  Waste- 
water strength  in  terms  of  8OD5  and  suspended  solids  was  comparable  to  the 
historical  averages  for  1981  to  1985.  Influent  concentrations  for  the  twelve 
days  sampled  averaged  145  mg/L  BOD5  and  178  mg/L  TSS.  Influent  concentra- 
tions of  total  phosphorus  averaged  13.7  mg/L  which  was  consistent  with  the 
high  influent  concentrations  recorded  in  1984  and  1985.  Influent  phosphorus 
concentrations  have  been  typically  high  and  variable,  ranging  from  below  10 
mg/L  to  above  50  mg/L,  as  reported  by  plant  staff.  Two  local  industries  con- 
tributing high  flows  also  use  phosphorus  in  their  processes.  Trisodium  phos- 
phate used  for  glass  washing  is  discharged  from  the  glass  plant  in  concentra- 
tions of  up  to  90  mg/L  according  to  Collingwood  WPCP  staff.  The  starch  in- 
dustry uses  phosphorus  in  various  products,  and  phosphorus-bearing  process 
wastewaters  are  discharged  into  municipal  sewers  for  final  treatment  at  the 
municipal  plant. 

Final  effluent  concentrations  of  BOD5  and  TSS  averaged  1.7  mg/L  and 
7  mg/L  respectively.  These  values  were  both  notably  lower  than  the  histori- 
cal average  concentrations  found  for  these  parameters.  However,  the  average 
effluent  phosphorus  concentration  of  1.5  mg/L  was  not  significantly  different 
than  the  historical  average.  It  should  be  noted  that  effluent  phosphorus 
concentrations  ranged  from  0.28  mg/L  to  2.9  mg/L,  with  concentrations  less 
than  1  mg/L  in  only  45  percent  of  samples.  The  average  total  phosphorus  con- 
centration was  made  up  of  73  percent  soluble  phosphorus. 

At  the  Collingwood  WPCP,  influent  historical  data  was  based  on 
twenty-four  hour  composite  samples,  taken  in  the  same  manner  as  for  this 
study.  This  may  explain  the  similarities  found  in  influent  strength  found 
between  the  historical  data  and  this  study.  However,  effluent  samples  taken 
for  the  historical  data  have  been  either  8  hour  manually  composited  or  (8 
a.m.)  grab  samples.  These  samples  did  not  include  the  night  flows  (i.e  5 
p.m.  to  8  a.m.).  The  discrepancies  found  between  the  historical  data  and  the 
data  reported  in  the  present  study  may  be  a  result  of  the  different  sampling 
methodologies  used. 

Figure  4.2  presents  probability  plots  of  the  influent  and  effluent 
total  and  soluble  phosphorus  concentrations,  and  the  primary  effluent  soluble 
phosphorus  concentrations  recorde'd  in  this  study.  From  the  influent  total 
phosphorus  curve,  it  can  be  observed  that  for  about  70  percent  of  the  time 
concentrations  were  less  than  13  mg/L,  and  about  30  percent  of  the  time  they 
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TABLE  4.5:   SUMMARY  OF  PERFORMANCE  MONITORING 
DATA  FOR  COLLINGWOOD  WPCP 


CONCENTRATION   (mg/L) 

DATE 

STREAM 

BOD5 

TSS 

TOTAL   P 

SOLUBLE    P 

18  June 

Raw 

Primary  Effluent 

Final   Effluent 

80 
1.7 

120 
6 

8.56 
2.84* 

6.28 
0.60* 

19  June 

Raw 

Primary  Effluent 

Final    Effluent 

140 

1.8 

110 

8 

10.96 

10.24 

0.28 

10.0 
0.26 

23   June 

Raw 

Primary  Effluent 

Final   Effluent 

240 
1.8 

310 
6 

20.2 
8.34 
0.33 

10.4 
5.73 
0.26 

25  June 

Raw 

Primary  Effluent 

Final   Effluent 

150 
0.9 

340 
10 

23.0 
9.70 
0.59 

13.0 
9.40 
0.38 

26  June 

Raw 

Primary  Effluent 

Final   Effluent 

164 
1.1 

200 

10 

20.6 
2.06 

18.8 
1.58 

2     July 

Raw 

Primary  Effluent 
Final   Effluent 

112 
1.0 

160 

9 

10.9 
9.50 
2.70 

10.5 
5.87 
2.63 

3     July 

Raw 

Primary  Effluent 

Final   Effluent 

126 
0.8 

130 
9 

11.1 
8.60 
2.90 

10.5 
8.28 
1.73 

7     July 

Raw 

Primary  Effluent 

Final   Effluent 

207 
2.3 

210 
9 

12.5 
2.35 

10.5 
0.95 

8     July 

Raw 

Primary  Effluent 

Final    Effluent 

102 

2.6 

130 

7 

10.6 
8.90 
2.72 

8.3 
6.3 
2.5 

14  July 

Raw 

Primary  Effluent 

Final   Effluent 

122 
2.1 

120 
4 

10.5 
9.8 
0.35 

8.5 
8.4 
0.34 

15  July 

Raw 

Primary  Effluent 

Final   Effluent 

150 
3 

130 
3 

11.4 
10.1 
0.48 

9.8 
8.6 
0.35 

AVERAGE 

Raw 

Primary  Effluent 

Final   Effluent 

145 
1.7 

178 
7 

13.7 
8.8 
1.5 

10.6 
6.6 
1.10 

STANDARD 
DEVIATIONS 

Raw 

Primary  Effluent 

Final   Effluent 

46.2 

0.7 

78 
2 

5.0 

2.4 
1.15 

3.2 
2.8 

0.14 

*Results  may  not  be  accurate  due  to  precipitation  of  P  in 
metal  drum;  switched  to  plastic  on  19  June. 
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were  above  20  mg/L.  There  was  some  removal  of  phosphorus  (average  36  per- 
cent) in  the  primary  clarifier  due  to  the  alum  addition  upstream  of  primary 
treatment.  The  probability  plot  of  effluent  concentrations  shows  that  there 
was  a  drastic  increase  in  concentrations  of  effluent  phosphorus  corresponding 
to  the  increase  in  influent  phosphorus  concentrations,  indicating  that  the 
plant  could  not  handle  the  occasional  high  influent  concentrations.  Since 
the  effluent  total  and  soluble  phosphorus  curves  were  similar,  it  can  be  seen 
that  high  effluent  concentrations  consisted  primarily  of  soluble  phosphorus. 

Key  operating  parameters  affecting  phosphorus  removal  at  the 
Collingwood  WPCP  are  summarized  in  Table  4.6.  Clarifier  hydraulic  loadings 
were  generally  low,  averaging  only  11.7  m-^/m^-d.  The  resulting  effluent 
suspended  solids  concentrations  averaging  7  mg/L  provided  evidence  that  good 
sludge  settleabi lity  was  occurring.  This  also  resulted  in  a  low  average  par- 
ticulate phosphorus  concentration  of  0.28  mg/L,  confirming  that  high  effluent 
phosphorus  concentrations  are  not  associated  with  phosphorus  in  the  particu- 
late form. 

The  stochiometric  ratio  of  A1:P  required  for  phosphorus  removal, 
is  1.  In  the  primary  clarifiers,  there  was  an  average  of  19.3  percent  re- 
moval of  soluble  phosphorus,  with  an  average  A1:P  (soluble  phosphorus)  ratio 
of  0.38.  More  specifically,  only  about  half  of  the  available  aluminum  was 
used  for  precipitation  of  soluble  phosphorus.  There  was  sufficient  mixing  at 
the  point  of  addition  for  the  reaction  to  take  place. 

Alum  was  added  to  the  secondary  component  of  the  plant  at  an  aver- 
age molar  A1:P  ratio  of  0.77.  The  resulting  average  removal  efficiency  was 
82.5  percent.  A  small  amount  of  soluble  phosphorus  removal  can  be  attributed 
to  biological  synthesis  in  the  treatment  process.  However,  it  is  indicated 
that  nearly  complete  utilization  of  aluminum  for  phosphorus  removal  was 
accomplished  in  the  secondary  component  of  the  plant. 

Through  the  overall  system,  the  average  soluble  phosphorus  removal 
was  89.5  percent.  The  average  molar  ratio  of  A1:P  was  0.94.  It  has  been 
reported  that  for  95  percent  removal  of  total  phosphorus  (TP),  molar  ratios 
of  A1:P  of  2.1  to  2.3  are  typically  required.  The  average  A1:TP  molar  ratio 
recorded  for  this  study  was  0.59.  At  the  influent  phosphorus  concentrations 
reported  in  this  study,  A1:TP  ratios  ranged  from  0.35  for  phosphorus  concen- 
trations greater  than  20.0  mg/L  to  0.86  for  concentrations  less  than  11  mg/L. 
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It  was  observed  therefore,  that  the  Coningwood  WPCP  provided  excellent  sol- 
uble phosphorus  removal  for  the  alum  dosages  that  were  applied.  However, 
there  was  no  available  reserve  of  aluminum  in  the  mixed  liquor  for  the  occa- 
sional high  concentration  of  soluble  phosphorus  that  entered  the  system. 
Thus,  high  influent  soluble  phosphorus  concentrations  were  transferred  dir- 
ectly as  high  effluent  soluble  phosphorus  concentrations. 

4.3      Conclusions  of  the  CoHingwood  WPCP  Monitoring  Program 

An  eleven  day  monitoring  program  was  conducted  over  a  28  day  period 
at  the  Collingwood  WPCP  in  order  to  evaluate  phosphorus  removal  efficiency. 
The  results  of  the  present  study  confirmed  the  historical  data  in  terms  of 
flows,  influent  BOD5  and  suspended  solids  concentrations  and  effluent  BOD5 
and  phosphorus  concentrations.  Effluent  solids  concentrations  were  found  to 
be  lower  in  the  present  study  than  in  the  historical  data,  probably  due  to 
the  differences  in  sampling  methodologies  used.  There  has  been  a  general  up- 
wards trend  in  influent  phosphorus  concentrations,  shown  from  the  historical 
1984  and  1985  data,  plant  data  from  1986  and  the  present  study  results. 

The  major  factors  found  to  contribute  to  the  poor  effluent  phos- 
phorus quality  at  Collingwood  WPCP  were: 

i)   insufficient  alum  addition  for  complete  removal  of  soluble  phos- 
phorus; 
ii)   variable  and  high  influent  soluble  phosphorus  concentrations 
resulting  from  industrial  contributions. 
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5.0  MOORE   TOWNSHIP    (CORUNNA)   WATER   POLLUTION  CONTROL   PLANT 

5.1  Plant  Description  and  Historical    Performance 
5.1.1  Plant  Description 

The  Moore  Township  water  pollution  control  plant,  serving  the  vil- 
lage of  Corunna,  is  a  small  extended  aeration  treatment  system.  Incoming 
wastewater  is  essentially  all  domestic  in  origin,  with  a  minor  contribution 
from  a   fire-fighting   school    at   a   local    community   college. 

The  original  treatment  plant,  constructed  in  1963,  was  designed  to 
treat  a  maximum  daily  flow  of  4,360  m-^/d  of  wastewater,  and  an  average  daily 
flow  of  1,450  m3/d.  Additional  final  clarifiers  were  installed  in  1972.  The 
rated  maximum  daily   flow   is   now  5000  m-^/d. 

Design  information  for  the  unit  processes  at  the  Corunna  WPCP  are 
summarized  in  Table  5.1.  A  schematic  diagram  of  the  treatment  process  is 
provided  in  Figure  5.1.  iJpon  arrival  at  the  WPCP,  the  raw  wastewater  is  pro- 
cessed through  a  38  cm  (15  in)  diameter  comminutor,  before  being  split  equal- 
ly through  two  process  trains.  Comminuted  wastewater  flows  through  aerated 
grit  removal  tanks  of  17  m-^  capacity  each  resulting  in  a  design  HRT  of  17 
minutes   at   a  design   flow  of   1,450  m-^/d. 

Degritted  wastewater  flows  by  gravity  into  the  aeration  basins, 
which  are  2  parallel  rectangular  tanks  having  dimensions  26.5  m  by  5.2  m  by 
4.3  m  deep.  The  total  volume  of  1,155  m^  results  in  a  hydraulic  retention 
time  of  19.0  hrs  at  a  design  average  flow  of  1,450  m-^/d.  Air  from  two  blowers 
with  a  total  power  rating  of  75  kW  is  introduced  into  the  mixed  liquor  by 
porous  plate  diffusers.  Return  activated  sludge  is  distributed  equally  to 
the  two  tanks   by   two  centrifugal    pumps    rated   at   2.3  to  2.7  m-^/min. 

At  the  end  of  each  aeration  tank  are  two  diversion  boxes  which 
direct  the  mixed  liquor  to  an  old  clarifier  or  a  new  clarifier.  The  approx- 
imate flow  split,  based  on  the  size  of  the  diversion  boxes,  is  60  percent  to 
the  new  clarifiers  and  40  percent   to  the  old  clarifiers. 

The  original  two  square  tanks  have  dimensions  6.7  m  x  6.7  m  x  3.8 
m,  while  the  two  newer  rectangular  clarifiers  are  15.2  m  x  4,3  m  x  4.1  m. 
The  HRT  of  the  old  clarifiers  was  5.7  hrs  at  a  design  average  flow  of  1,450 
m^/ij.  The  surface  loading  in  the  old  clarifiers  was  16.1  m-^/m^-d.  The 
volume  of  the  new  rectangular  clarifiers  is  873  m^,  while  the  surface  area  Is 
131  m2. 
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TABLE  5.1  -  DESIGN  SUMMARY  -  MOORE  TWP  (CORUNNA)  WPCP 


DESIGN  CRITERIA 

DESIGN  VALUE 

OPERATING  LEVELt 

Flow  (m3/d) 

1,450  Aeration  Tank 
5,001 

2,050 

Average  Daily 
Peak  Day 

BOD  Loading  (kg/d) 

750 
217 

235 

Peak 
Average 

Sewer  Collection  System 
Bypass  -  Point 

Frequency 

Discharge  Point 

100%  Separate 

Influent  Wet  Well 

0 

Final  Outfall 

Aeration  System 

19.0  at  1,455  m3/d 

0.19  at  1,455  m3/d 

DNA 

13.5 
0.20 

HRT             (hours) 
BOD  Load         (kg/m3-d) 
Return  Sludge  Rate  (%) 

Phosphorus  Removal 

Al  urn 

1984=  7.7  mg  Al/L 
1985=  3.9  mg  Al/L 

Chemical 

Average  Dose  (mg  metal /L) 

Secondary  Clarifier 

5.7 
16.1** 
48.4** 

10.3 
9.3 

HRT                (hours) 
Avg.  Surface  Loading  (m^/m^-d) 
Peak  Surface  Loading  (m^/m'^-d) 

t  =  Based  on  1981  -  1985  Historical  Data 

DNA  =  Data  Not  Available 
**0esign  Values  for  Old  Clarifiers 
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Liquid  alum  is  added  to  the  mixed  liquor  at  the  exit  end  of  the 
aeration  tanks  for  phosphorus  removal.  The  alum  is  fed  to  the  addition  point 
by  a  chemical  metering  pump.  Although  the  pump  discharge  rate  can  be  manual- 
ly adjusted,  no  adjustments  were  made  to  the  alum  feed  rate  during  this 
study. 

Secondary  effluent  is  disinfected  with  chlorine  prior  to  discharge 
to  the  St.  Clair  River.  The  contact  chamber  was  constructed  when  the  new 
final  clarifiers  were  built  in  1972. 

The  facility  has  no  aerobic  or  anaerobic  digestion  tanks,  but  it  is 
provided  with  a  waste  sludge  holding  tank  to  concentrate  the  sludge  before  it 
is  hauled  away  for  disposal  on  farm  land  in  dry  weather,  or  to  the  Sarnia 
pollution  control  plant  for  sludge  processing  in  wet  weather.  Water  decanted 
from  the  sludge  holding  tank  is  returned  to  the  head  of  the  aeration  tanks. 

5.1.2    Historical  Performance 

The  annual  average  performance  of  the  Corunna  treatment  plant  for 
the  years  1981  to  1985  is  summarized  in  Table  5.2.  During  the  five  year  per- 
iod, the  average  daily  flow  was  2,050  m^/d,  which  is  140  percent  of  the  de- 
sign average  flow.  Because  this  is  an  extended  aeration  treatment  plant  with 
a  relatively  long  hydraulic  retention  time,  the  increased  hydraulic  loading 
does  not  appear  to  affect  the  process.  The  raw  wastewater  is  relatively 
weak,  with  average  influent  BOD5  and  total  suspended  solids  (TSS)  concentra- 
tions of  115  and  122  mg/L,  respectively.  The  influent  total  phosphorus  level 
during  the  5-year  period  averaged  7.0  mg/L. 

The  quality  of  the  effluent  discharged  from  the  Corunna  WPCP  from 
1981  to  1985  was  high,  with  a  BOD5  concentration  averaging  6.4  mg/L  (approxi- 
mately 94  percent  removal)  and  an  average  TSS  concentration  of  9.9  mg/L 
(approximately  92  percent  removal).  The  effluent  total  phosphorus  concentra- 
tion averaged  0.9  mg/L,  with  a  resulting  87  percent  overall  removal  efficien- 
cy. 

Monthly  average  data  for  the  years  1984  and  1985  at  the  Corunna 
WPCP  are  summarized  in  Table  5.3.  With  the  exception  of  a  concentration  of 
17.2  mg/L  in  January,  1984,  the  BOO5  concentrations  did  not  exceed  15  mg/L. 
Total  suspended  solids  similarly  averaged  less  than  15  mg/L  with  the  excep- 
tion of  January  and  February,  1985,  when  the  concentrations  averaged  27.4  and 
16.7  mg/L,  respectively.   Average  phosphorus  levels  fluctuated  significantly 
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5.3  -  MONTHLY  AVERAGE  QUALITY  (1984-1985)  OF  MOORE  TWP 
(CORUNNA)  WPCP  EFFLUENT 


YEAR 

MONTH 

EFFLUENT  BOD5 
(mg/L) 

n 
BOO 

EFFLUENT  TSS 
(mg/L) 

n 
TSS 

EFFLUENT  TP 
(mg/L) 

n 
TP 

JAN. 

17.2 

2 

14.4 

2 

0.42 

2 

FEB. 

5.9 

1 

11.7 

1 

0.34 

1 

MAR. 

10.0 

2 

11.4 

2 

1.30 

2 

APR. 

7.8 

3 

7.7 

3 

0.30 

3 

MAY 

3.7 

1 

7.6 

1 

0.21 

1 

JUN. 

8.0 

2 

10.3 

2 

1.05 

2 

1984 

JUL. 

6.4 

2 

6.1 

2 

1.11 

2 

AUG. 

6.2 

2 

4.9 

2 

0.76 

2 

SEP. 

4.7 

2 

5.6 

2 

1.08 

2 

OCT. 

5.8 

2 

7.4 

2 

1.04 

2 

NOV. 

5.4 

2 

8.6 

2 

1.70 

2 

DEC 

8.7 

2 

10.1 

2 

1.07 

2 

JAN. 

14.3 

1 

27.4 

1 

2.45 

1 

FEB. 

12.1 

2 

16.7 

2 

1.31 

2 

MAR. 

4.3 

1 

6.4 

1 

0.24 

1 

APR. 

7.7 

2 

6.9 

2 

0.25 

2 

MAY 

10.8 

2 

12.5 

2 

0.63 

2 

JUN. 

10.3 

2 

9.8 

2 

0.37 

2 

1985 

JUL. 

13.6 

2 

5.0 

2 

0.61 

2 

AUG. 

7.1 

4.3 

0.55 

1 

SEP. 

7.5 

5.7 

1.06 

1 

OCT. 

4.1 

4.6 

1.20 

1 

NOV. 

5.2 

7.4 

1.09 

1 

DEC 

12.4 

8.0 

0.47 

1 

n  -  Number  of  samples 
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about  the  1.0  mg/L  standard.  In  1984,  seven  monthly  averages  exceeded  the 
1.0  tng/L  limit,  while  in  1985,  5  montnly  averages  were  higher  than  this 
level.  The  monthly  averages  are  based  on  only  one  or  two  samples  per  month, 
however,  and  as  a  result  may  not  be  entirely  representative  of  overall  plant 
performance. 

5.1.3     Sampling  Program 

The  Corunna  WPCP  was  sampled  from  September  10  to  September  30, 
1986.  Twelve  daily  composite  samples  of  raw  wastewater  and  final  effluent 
were  collected  during  this  period  on  weekdays.  Grab  samples  of  mixed  liquor, 
return  activated  sludge  and  alum  were  also  collected  on  each  sampling  day. 
Sampling  locations  were  depicted  in  Figure  5.1. 

The  raw  wastewater  sample  was  a  24  hour  composite,  collected  after 
the  comminutor,  while  the  secondary  effluent  sample  was  a  24  hour  composite 
collected  before  the  chlorine  contact  chamber.  At  this  plant,  a  24  hour 
flow-proportioned  composite  sample  could  not  be  formulated  because  the 
installation  of  a  new  ultrasonic  flow  meter  with  electronic  readout  did  not 
store  instantaneous  flows  at  different  time  intervals,  only  average,  maximum 
and  minimum  readings. 

Soluble  phosphorus  samples  were  filtered  on-site  immediately  after 
collection.  BOD5  samples  were  frozen,  while  the  remainder  of  the  samples 
were  refrigerated  until  shipment  to  CANVIRO  (maximum  2  days  holding  period). 
Samples  were  shipped  to  CANVIRO's  laboratory  in  coolers  with  ice  packs  using 
a  courier  service. 

5.2      Results  of  Sampling  Program 

Operating  data  for  the  Corunna  WPCP  during  the  sampling  period  are 
summarized  in  Table  5.4.  The  average  flow  to  the  plant  during  this  sampling 
period  was  2,407  m-^/d,  which  is  approximately  166  percent  of  the  design  aver- 
age flow  through  the  aeration  section.  The  flow  during  the  last  ten  days  of 
the  sampling  program  was  substantially  higher  than  the  earlier  part  of  the 
study  at  this  plant  due  to  rainfall.  Peak  flows  in  excess  of  5,000  tn^/d  were 
noted  on  3  days  during  this  study. 

The  treatment  plant  operators  control  the  biological  process  by  the 
sludge  wasting  rate,  which  is  determined  by  the  mixed  liquor  suspended  solids 
concentration.   The  treatment  plant  operators  try  to  maintain  an  upper  limit 
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of  3,000  to  3,100  mg/L.  The  wasting  rate  is  increased  if  the  mixed  liquor 
suspended  solids  concentration  increases  above  this  upper  limit,  while  the 
wasting  is  decreased  when  the  MLSS  concentration  declines  much  below  3,000 
mg/L.  Consequently,  the  solids  retention  time  (SRT),  calculated  from  data 
provided  by  the  plant  and  analyzed  from  the  collected  samples,  fluctuated 
considerably  on  a  daily  basis.  On  an  average  weekly  basis,  the  SRT  declined 
steadily  during  the  study  from  19.4  days  at  the  start  to  9.4  days  at  the  end. 

Liquid  alum  was  metered  to  the  exit  end  of  the  aeration  tanks  at  a 
constant  nominal  rate  of  315  L/d  during  this  study.  Because  the  alum  feed 
rate  was  constant,  the  alum  dosage  varied  inversely  with  the  wastewater 
flow.  The  estimated  mean  aluminum  dosage  rate  was  7.1  mg/L  of  wastewater 
with  a  range  of  4.5  to  9.4  mg/L. 

The  BOD5  and  total  phosphorus  levels  measured  in  the  raw  wastewater 
during  the  monitoring  program  (Table  5.5)  were  lower  than  the  average  concen- 
tration reported  for  the  previous  five  years  in  Table  5.2.  The  mean  total 
suspended  solids  levels  in  this  study  was  similar  to  mean  annual  averages 
from  previous  years.  The  observed  weaker  wastewater  may  be  due  to  collection 
of  24" hour  composite  samples  in  this  monitoring  program,  rather  than  15  hour 
composites  which  are  routinely  collected  by  the  operating  staff.  Inclusion 
of  raw  wastewater  from  the  early  morning  hours  may  have  a  diluting  effect  on 
the  total  influent  sample.  In  the  last  week  of  the  monitoring  program,  sub- 
stantial periods  of  rain  may  also  have  resulted  in  a  more  dilute  wastewater 
entering  the  plant. 

The  treatment  plant  produced  a  high  quality  effluent  during  the 
sampling  program.  Monitoring  data  are  reported  in  Table  5.5.  The  average 
BOD5  concentration  in  the  effluent  was  2.3  mg/L  with  a  range  of  1.4  to  3.0 
mg/L.  The  mean  effluent  TSS  concentration  was  7  mg/L  with  minimum  and  maxi- 
mum values  of  5  and  10  mg/L,  respectively.  Average  total  and  filterable 
phosphorus  concentrations  were  0.6  and  0.3  mg/L,  respectively.  The  distribu- 
tions of  phosphorus  concentrations  observed  during  this  monitoring  program 
are  presented  in  Figure  5.2.  Filterable  phosphorus  represented  68  percent  of 
total  phosphorus  in  the  raw  wastewater,  and  58  percent  of  total  phosphorus  in 
the  secondary  effluent. 

Mean  removal  efficiencies  of  BOD5  and  TSS  were  97  percent  (range  of 
95  to  98  percent)  and  92  percent  (80  to  98  percent),  respectively.  Both 
total  and  filterable  phosphorus  were  removed  efficiently,  with  mean  removals 
of  89  percent  (  83  to  84  percent)  for  total  phosphorus,  and  90  percent  (83  to 
94  percent)  for  soluble  phosphorus. 
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Key  operating  parameters  which  affected  phosphorus  removal  at  the 
Corunna  WPCP  are  summarized  in  Table  5.6.  The  average  hydraulic  loading  on 
the  clarifiers  was  11.8  m^/m^-d,  while  the  peak  loading  was  22.0 
m-^/m^'d.  These  values  are  substantially  less  than  the  35  m-^/m^.d  peak 
loading  recommended  by  the  MOE  for  extended  aeration  plants.  In  addition  to 
the  low  hydraulic  loading  on  the  clarifiers,  the  sludge  volume  index  (SVI) 
calculated  by  the  operating  staff  ranged  between  59  and  70,  indicating  that 
the  mixed  liquor  settled  very  well.  Because  these  factors  minimized  the 
carry  over  of  biological  solids  in  the  secondary  effluent,  particulate  phos- 
phorus comprised  only  0.3  mg/L  or  50  percent  of  the  total  phosphorus  in  the 
effluent. 

The  average  Al:solub1e  P  molar  ratio  was  2.4,  relative  to  a  stoich- 
iometric ratio  of  1.  The  estimated  chemical  dosage  during  the  study  was  7.1 
mg  Al/L,  which  is  similar  to  the  aluminum  dosage  reported  for  1984  and  nearly 
doubled  the  dosage  for  1985  (Table  5.1).  The  chemical  dosages  resulted  in  a 
low  filterable  phosphorus  concentration  of  0.3  in  the  final  effluent. 

In  comparison  with  the  historical  data  for  phosphorus  removal  at 
the  Corunna  WPCP,  effluent  total  phosphorus  concentration  never  exceeded  l.D 
mg/L.  Several  factors  may  account  for  this.  The  alum  dosage  rate  observed 
in  this  study  was  approximately  220  mL/min,  whereas  in  1985  the  reported  dos- 
age rate  was  130  mL/min.  Based  on  typical  aluminum  concentrations  of  commer- 
cial alum,  the  aluminum  dosage  rate  in  this  study  was  7.1  mg/L,  relative  to  a 
calculated  dosage  for  1985  of  3.9  mg/L,  and  7.7  mg/L  in  1984.  In  1985,  at 
least,  a  low  aluminum  dosage  may  have  been  partly  responsible  for  phosphorus 
concentrations  exceeding  1.0  mg/L. 

Total  phosphorus  levels  in  1984  and  1985  were  6.36  and  7.86  mg/L, 
respectively,  whereas  in  this  study,  the  mean  total  phosphorus  concentration 
was  5.2  mg/L.  Lower  total  phosphorus  concentrations  in  this  montoring  period 
may  also  have  contributed  to  more  consistent  phosphorus  removal  efficiency 
relative  to  historical  results. 

It  should  also  be  noted  from  the  historical  data  in  Table  5.3  that 
very  low  monthly  effluent  total  phosphorus  levels  (e.g.  0.21,  0.24,  0.25 
mg/L)  are  interspersed  with  concentrations  in  excess  of  1.0  mg/L.  This  moni- 
toring program  may  have  occurred  in  one  of  the  time  intervals  when  a  satis- 
factory phosphorus  removal  efficiency  was  achieved.  Because  the  historical 
data  consist  of  only  one  or  two  samples  per  month,  monthly  averages  may  be 
based  on  a  sampling  frequency  that  is  inadequate  to  accurately  characterize 
the  phosphorus  removal  efficiency  of  the  plant. 
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A  final  factor  which  may  influence  phosphorus  removal  efficiency  is 
the  periodic  occurrence  of  excessive  foam  in  the  aeration  tanks  and  floating 
sludge  in  the  final  clarifier.  The  latter  problem  could  have  a  significant 
impact  on  conventional  pollutant  concentrations.  While  some  foam  was  ob- 
served on  the  aeration  tanks  on  a  few  days  of  this  study,  it  had  no  apparent 
effect  on  the  superior  performance  of  the  treatment  plant. 

5.3      Conclusions  of  Corunna  WPCP  Phosphorus  Monitoring  Program 

The  monitoring  program  at  the  Corunna  WPCP  confirmed  that  the 
treatment  plant  produces  a  high  quality  effluent  in  terms  of  BOD5  and  TSS,  as 
indicated  by  historical  data.  In  contrast  to  monthly  historical  data  for 
1984  and  1985,  in  which  total  phosphorus  concentration  exceeded  the  1.0  mg/L 
limit  50  percent  of  the  time,  total . phosphorus  levels  in  the  effluent  never 
exceeded  10  mg/L  in  this  study.  Possible  reasons  for  the  improvement  in 
phosphorus  removal  efficiency  include: 

(i)  an  aluminum  dosage  as  great  or  greater  than  previous  years; 
(ii)  influent  phosphorus  levels  lower  than  historical  concentrations; 
(iii)  collection  of  an  adequate  number  of  samples  to  characterize  the  re- 
moval efficiencies;  and, 
(iv)  sampling  during  a  period  of  exceptional  plant  performance. 

Although  some  foam  was  apparent  in  the  aeration  tanks  during  the 
study,  floating  sludge,  which  has  been  a  problem  in  the  past  at  this  plant, 
did  not  develop  in  the  final  clarifiers. 

Factors  resulting  in  efficient  phosphorus  removal  at  the  Corunna 
plant  during  this  period  were: 

(i)  low  secondary  clarifier  hydraulic  loadings; 
(ii)  biological  solids  that  settle  very  well; 
(iii)  satisfactory  Al:soluble  P  ratio. 

Although  the  alum  dosage  rate  is  rarely  adjusted,  the  effluent 
phosphorus  concentration  is  effectively  controlled  by  maintaining  a  low,  rel- 
atively constant  contribution  from  particulate  P,  and  maintaining  a  substan- 
tial reserve  of  aluminum  n  the  biological  process  because  of  the  long  solids 
retention  time  associated  with  the  extended  aeration  process. 
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6.0  ST.   THOMAS  WATER    POLLUTION  COffTROL   PLANT 

6.1  Plant  Description  and  Historical   Performance 
6.1.1  Plant  Description 

The  St.  Thomas  Water  Pollution  Control  Plant  (WPCP),  serving  a  pop- 
ulation of  27,482  people,  is  an  activated  sludge  plant  with  a  somewhat  com- 
plex operation  due  to  several  expansions.  The  contribution  from  industry  to 
the  total  wastewater  flow  is  significant  particularly  from  large  plants 
(e.g.,  manufacturers  of  roller  bearings,  heavy  lifting  equipment,  lead-acid 
batteries)  in  the  industrial  park  in  the  city's  east  end.  The  pollution  con- 
trol   plant   is  operated   by  the  City   of  St.   Thomas. 

Four  small,  nearly  independent  treatment  plants  comprise  the  St. 
Thomas  plant.  The  peak  flow  treated  by  primary  clarification  is  68,180  m^/d, 
while  the  design  average  daily  flow  for  the  combined  secondary  treatment 
plans  is  26,820  m-^/d.  The  design  average  flows  for  plant  No.'s  2,  3  and  4 
are  4,540  m^/d,  9,080  m^/d  and  8,630  m^/d,  respectively.  Plant  No.  1,  which 
was  not  in  operation  at  the  time  of  this  study  for  energy  conservation  and 
operating  cost  reductions,  has  a  design  average  flow  of  4,540  trr/d.  The  No. 
1  plant  location  is  distant  from  the  remaining  three  plants  (over  700  m)  near 
the  south  end  of  the  property  resulting  in  greater  efforts  for  sampling,  pro- 
cess  control    and  maintenance. 

Design  information  for  the  unit  processes  in  operation  at  the  St. 
Thomas  treatment  plant  are  summarized  in  Table  6.1.  A  schematic  diagram  of 
the  plant  is  provided  in  Figure  6.1,  Raw  wastewater  arriving  at  the  plant 
first  passes  through  a  1.4  m  wide  coarse  bar  screen  with  2.5  cm  bar  spac- 
ings.  The  screen  is  automatically  raked.  Screened  wastewater  flows  into  an 
aerated  grit  tank,  of  dimensions  12.0  m  x  6.3  m  x  5.25  m  deep,  providing  a 
design  average  detention  time  of  31.3  min.,  and  a  detention  time  of  8.4  min 
at  the  design  peak   flow. 

Oegritted  raw  wastewater  is  then  split  by  flow  controlling  equip- 
ment and  directed  to  plant  No.'s  2,  3  and  4.  Plant  No.  2  consists  of  two 
parallel  trains  of  primary  clarifier,  aeration  tanks  and  secondary  clari- 
fiers.  The  primary  clarifiers  of  plant  no.  2  have  dimensions  of  approxi- 
mately 17.2  m  x  4.9  m  x  4.0  m  deep.  The  combined  hydraulic  retention  time 
(HRT)    at    design    average    flow    conditions    is    3.5    hr,    and    the    total     surface 
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"ABLE  6.1  -  DESIGN  SUMMARY  -  ST.  THOMAS  WPCP 


DESIGN   CRITERIA 

DESIGN    VALUE 

OPERATING   LEVEL* 

Flow    (1,000  m^/d) 
Peak  Day 

63.180    (Primaries) 

1 

1 

Average  Daily             *1 

4,540   (Not    in   use) 

#2 

4.540 

Total    Plant=21.840 

#3 

9.080 

#4 

3.630 

ROOs  Loading    (kg/d) 

- 

1.736 

Sewer  Collection  System 

8U  Separate  -, 
19%  Combined    JEst. 

Bypass   -  Point 

After   primary 
clarifiers 

-  Frequency 

- 

Est.   2-3  events/yr 

-  Discharge  Point 

Chlorine   contactors 

Primary  Clarifiers 

3.5 

Total    Plant   =   5.2 

HRT    (hours)                  #2 

#3 

2.5 

#4 

8.7 

Avg,   Surface  Load     42 

27 

Total    Plant   =    15.8 

[m^/m^-d]                      #3 

37 

#4 

11 

Peak   Surface  Load     *2 

69 

- 

(m3/n2-d)                        »3 

94 

1 

»4 

28 

1 

Aeration  System 

1 

HRT    (hours)                  *2 

8.6 

Total    =lant   =    9.5      , 

#3 

6.0 

1 

1 

#4 

8,7 

1 

] 

BOD5  Load                     42 

- 

Total    Plant   =   0.20    1 

(kg/m3.d)                      *3 

- 

*i 

- 

Return  Sludge  Rate   <2 

ONA** 

DNA 

(%)                        42 

ONA 

ONA 

*4 

DNA 

DNA 

Phosphorus  Removal 

Liquid  Alum 

1 

Chemical 

Average  Dosage   (mgAl/L) 

- 

1985   =  3.1 

Secondary  Clarifiers 

4.7 

Total    Plant   =   4.8 

«T    (hours)                 12 

#3 

2.4 

»4 

4.7 

Avg.   Surface  Load             *2 

20 

Total    Plant  =    19.1 

(tn3/m2-d)                         »3 

40 

*4 

19 

Chlorinati  on 

35 

Total    'lant   =   50        1 

HRT   at    avg.    flow        <2   i   »3   south 

(mm)                       <I4    S    *3    north 

35 

1 

Average  Data  for  Years  1981  -  1985,  and  including  operation  of  No.  1 
plant  vrtiich  is  not  presently  in  use. 


"ONA  =  Data  not  available. 
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loading  rate  is  27  m-^/m^-d  at  design  average  flow,  and  69  m-^/m^'d  at  peak 
flow.  Primary  effluent  from  each  clarifier  enters  the  aeration  tanks,  which 
have  a  combined  volume  of  1,620  m-^.  The  aeration  capacity  results  in  a  HRT 
of  8.6  hrs  at  average  design  flow.  Air  is  supplied  to  the  coarse  bubble  dif- 
fusion system  by  a  112  kW  blower,  which  also  provides  air  for  plant  No.  3  and 
the  grit  tank. 

The  rectangular  secondary  clarifiers  of  plant  No.  2  have  dimensions 
of  23.1  m  X  4.9  m  x  4.0  m  deep,  resulting  in  combined  surface  area  and  volume 
of  226  m^  and  895  m-^,  respectively.  Secondary  effluent  from  the  two  clari- 
fiers is  combined  with  the  effluent  from  the  south  clarifier  of  No.  3  plant 
for  chlorination  in  a  10.7  m  x  7.0  m  x  3.0  m  deep  contact  chamber.  The  HRT 
at  design  average  flow  is  35  minutes. 

Settled  biological  sludge  from  the  secondary  clarifiers  is  returned 
continuously  to  each  aeration  tank  by  air  lift  pumps.  Manual  changing  of 
valves  directs  the  return  sludge  to  the  primary  clarifiers  for  wasting. 

Plant  No.  3  consists  of  two  parallel  trains  of  primary  clarifiers, 
aeration  tanks  and  secondary  clarifiers.  The  primary  clarifiers  (24.8  m  x 
4.9  m  X  4.0)  have  a  total  surface  area  of  243  m^  and  a  combined  volume  of  964 
m-^.  The  design  HRT  based  on  average  flow  is  2.5  hr.  Design  surface  loading 
rates  are  37  m-^/m^-d  at  average  daily  flow  and  94  m^/m^'d  at  peak  flow. 
Primary  effluent  flows  to  the  two  aeration  tanks,  which  have  a  combined  capa- 
city of  2,280  m-^.  THe  HRT  of  the  aeration  tanks  is  6.0  hr  at  average  design 
flow. 

Mixed  liquor  is  discharged  into  each  of  the  two  23.3  m  x  4.9  m  x 
4.0  m  deep  secondary  clarifiers.  Combined  surface  area  of  the  No.  3  plant 
clarifiers  is  228  m^,  while  the  total  volume  is  902  m-^.  The  HRT  and  surface 
loading  rate  at  design  average  flow  are  2.4  hr  and  40  m^/m^'d,  respect- 
ively. Excess  biological  sludge  from  the  south  clarifier  is  returned  to  the 
south  aeration  tank  by  air  lifts,  while  a  centrifugal  pump,  with  a  design 
rating  of  3980  L/min  at  3.66  m  TDH,  is  used  for  returning  sludge  from  the 
north  clarifier  of  No.  3  plant  to  the  north  aeration  tank.  Sludge  is  wasted 
from  the  north  clarifier  of  No.  3  plant  to  the  sludge  wasting  line  of  plant 
No.  4. 

As  noted  above,  effluent  from  the  south  clarifier  of  plant  No.  3 
is  chlorinated  with  the  combined  secondary  effluent  from  No.  2  plant.  The 
effluent  from  No.  3  north  final  clarifier  is  discharged,  together  with  the 


■71- 


No.  4  plant  effluent,  to  a  chlorine  contact  chamber  of  dimensions  9.6  m  x  8.0 
m  X  4.1  m,  which  has  a  nominal  HRT  of  35  min  at  average  design  flow.  Disin- 
fected effluent  from  both  contact  chambers  is  discharged  into  nearby  Kettle 
Creek. 

Plant  No.  4  also  consists  of  two  parallel  treatment  trains  of  pri- 
mary clarifiers,  aeration  tanks  and  secondary  clarifiers.  The  design  hydrau- 
lic capacity  of  this  individual  plant  has  been  down-rated  to  promote  nitrifi- 
cation, according  to  operating  staff.  In  actual  operation  during  this  study, 
No.  4  plant  was  treating  all  flow  in  excess  of  approximately  9,900  m-^/d  which 
was  substantial  at  times,  as  discussed  later  in  this  report. 

The  dimensions  of  the  primary  clarifiers  are  82.3  m  x  4.9  m  x  3.9 
m.  The  combined  surface  area  of  the  two  tanks  is  806  m^,  while  the  total 
volume  is  3112  m-^.  The  capacity  results  in  a  HRT  of  8.7  hr  at  average  design 
flow.  The  surface  loading  rates  at  design  average  and  peak  flows  are  11  and 
28  m-^/m^'d,  respectively. 

The  aeration  tanks  of  No.  4  plant  have  a  total  volume  of  3,120  m-^, 
resulting  in  a  HRT  of  8.7  hr  at  average  design  flow.  Air  is  supplied  to  a 
fine  bubble  diffusion  system  (No.  4  plant  only)  by  a  93  kW  blower,  dedicated 
to  this  plant  only. 

The  two  secondary  clarifiers  (47.5  m  x  4.9  m  x  3.7  m  deep)  have  a 
combined  surface  area  of  464  m^,  which  results  in  a  surface  loading  rate  of 
19  m2/m2.(j  ^^  design  average  flow.  With  a  total  volume  of  1,696  m-^,  the 
HRT  of  the  final  clarifiers  is  4.7  hr.  Settled  sludge  is  returned  equally  to 
the  aeration  tanks  by  two  centrifugal  pumps,  rated  at  3,980  L/min  at  3.66  m 
TDH.  Excess  sludge  from  the  No.  4  plant  final  clarifiers  is  pumped  to  the 
primary  clarifiers.  The  waste  biological  sludge  includes  a  component  from 
the  north  clarifier  of  plant  No.  3.  Secondary  effluent  from  No.  4  plant  and 
No.  3  north  is  chlorinated  prior  to  discharge  to  Kettle  Creek. 

Phosphorus  removal  at  the  St.  Thomas  WPCP  is  accomplished  by  addi- 
tion of  alum  to  the  screened  raw  wastewater.  This  addition  point  was  select- 
ed because  of  the  complexity  of  feeding  liquid  alum  from  a  central  storage 
tank  to  three  and  possible  four  addition  points,  and  the  long  distances  for 
pumping  the  alum  at  low  flow  rates,  especial ly  .duri ng  winter  when  freeze-up 
of  the  lines  may  be  a  problem. 

Raw  combined  sludge  from  the  primary  clarifiers  is  pumped  to  a 
series  of  three  778  m-^  digesters.  Active  mixing  is  promoted  in  only  the 
first  digester  in  the  series.   Approximately  77  m-'/d  of  raw  combined  sludge 
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is  pumped  to  the  primary  digester  daily,  resulting  in  a  detention  period  of 
10  days  in  each  digester.  Supernatant  from  the  quiescent  digesters  is  re- 
turned to  the  WPCP  upstream  of  the  raw  sewage  sample  point. 

Digested  sludge  is  withdrawn  from  the  bottom  of  the  third  digestion 
tank  in  series  to  an  Alfa-Laval  centrifuge,  where  it  is  concentrated  to 
approximately  20  percent  solids  by  weight,  for  disposal  in  the  local  land- 
fill. Centrate  is  returned  with  digester  supernatant  to  the  head  of  the 
plant.  Sludge  drying  beds  are  also  used  in  warm  weather  to  dewater  sludge, 
and  the  dried  sludge  is  hauled  to  the  local  landfill  for  disposal. 

6.1.2     Historical  Performance 

Annual  average  operating  data  for  the  years  1981  to  1985  inclusive 
are  summarized  in  Table  6.2.  For  this  period,  excluding  1981  for  which  no 
average  flow  was  recorded,  the  mean  annual  average  flow  was  17,790  m^/d. 
Flows  have  remained  relatively  steady  since  1983. 

The  raw  wastewater  is  typically  dilute,  with  mean  annual  average 
concentrations  of  79.5  mg/L  for  8005  and  121.1  mg/L  for  total  suspended 
solids  (TSS).  The  annual  influent  total  phosphorus  concentration  for  this 
five  year  period  averaged  4.63  mg/L. 

The  effluent  quality  during  the  years  1981  to  1985  was  generally 
high.  Annual  BOD5  concentrations  ranged  from  4.5  to  11.3  mg/L  (mean  of  7.1 
mg/L),  while  the  TSS  concentrations  with  the  exception  of  the  annual  value  in 
1981,  ranged  from  4.0  to  10.9  mg/L  (mean  of  7.4  mg/L).  In  1981  the  plant  was 
submerged  by  flooding  and  plant  performance  was  greatly  impaired.  The  histo- 
rical data  for  total  phosphorus  indicate  that  the  St.  Thomas  treatment  plant 
has  had  difficulty  in  meeting  the  1.0  mg/L  limit.  Only  the  annual  average 
for  1983  was  below  this  limit  during  this  period. 

Monthly  average  effluent  quality  data  for  the  years  1984  and  1985 
are  reported  in  Table  6.3.  BOD5  concentrations  exceeded  15  mg/L  in  only  two 
of  eleven  months  reported  in  1984,  and  the  BOO5  never  exceeded  15  mg/L  in 
1985.  TSS  concentrations  exceeded  15  mg/L  once  in  1984,  and  twice  in  1985. 
BOD5  and  TSS  concentrations  were  highest  in  the  October  samples  in  1984  and 
1985. 

Total  phosphorus  concentrations  in  the  23  monthly  samples  collected 
were  less  than  1.0  mg/L  in  twelve  samples.  Highest  phosphorus  concentrations 
were  found  in  the  October  samples  submitted  in  both  years. 
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TABLE  6.3  -  MONTHLY  AVERAGE  QUALITY  (1984-1985) 
OF  ST.  THOMAS  WPCP  EFFLUENT 


YEAR 

MONTH 

EFFLUENT  BOD5 
(mg/L) 

n 
BOD 

EFFLUENT  TSS 
(mg/L) 

n 
TSS 

EFFLUENT  TP 
(mg/L) 

n 

TP 

JAN. 

8.0 

1 

3.8 

1 

0.99 

FEB. 

17.2 

- 

6.7 

- 

1.22 

MAR. 

11.0 

13.6 

1.18 

APR. 

13.8 

9.5 

0.90 

MAY 

8.4 

4.1 

0.75 

JUN. 

5.4 

2.7 

1.19 

1984 

JUL. 

3.9 

3.3 

0.89 

AUG. 

2.4 

4.2 

1.16 

SEP. 

0.9 

3.1 

0.92 

OCT. 

39.7 

52.5 

2.30 

NOV. 

- 

- 

- 

DEC 

13.8 

16.3 

1.72 

JAN. 

4.2 

3.9 

0.82 

FEB. 

5.9 

3.4 

1.10 

MAR. 

10.3 

11.6 

1.84 

APR. 

12.0 

19.0 

0.54 

MAY 

7.7 

3.4 

0.86 

JUN. 

6.7 

4.8 

1.38 

1985 

JUL. 

2.7 

3.6 

0.93 

AUG. 

2.3 

1.5 

0.82 

SEP. 

6.7 

7.4 

1.64 

OCT. 

10.7 

27.5 

2.31 

NOV. 

2.5 

4.3 

0.73 

DEC 

5.2 

8.9 

0.67 

n  -  Number  of  samples 
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6.1.3     Sampling  Program 

The  sampling  program  at  the  St.  Thomas  WPCP  was  carried  out  from 
15  September  to  2  October,  1986,  inclusive.  Twelve  daily  composite  samples 
of  raw  wastewater  and  secondary  effluents,  comprised  of  No.  2  plant  plus  No. 
3  plant  south  (designated  as  No.  2  effluent)  and  No.  4  plant  plus  No.  3  plant 
north  (referred  to  as  No.  4  effluent),  were  collected.  Sampling  locations 
were  shown  in  Figure  6.1.  Primary  effluent  samples  were  not  collected 
because  the  wasting  of  sludge  from  one  plant  into  another  confounds  the 
effect  of  primary  sedimentation  and  sludge  age  on  phosphorus  removal. 

Grab  samples  of  mixed  liquor  and  return  sludge  were  collected  from 
each  plant  daily,  and  were  composited  based  on  aeration  tank  volume.  A  grab 
sample  of  alum  was  collected  daily  as  it  was  metered  into  the  raw  wastewater. 

6,2      Results  of  Sampling  Program 

Operating  data  for  the  St.  Thomas  WPCP  during  the  sampling  program 
are  summarized  in  Table  6.4.  The  design  average  daily  capacity  for  combined 
operation  of  Plant  No.'s  2,  3  and  4  is  22,250  m^/d.  The  mean  daily  flow 
measured  during  the  sampling  program  was  21,120  m^/d,  which  indicates  that 
the  plant  was  operating  at  nearly  100  percent  capacity.  Higher  than  average 
flows  were  observed  on  September  29  and  30  due  to  rainfall.  A  maximum  peak 
flow  of  34,730  m-^/d  was  observed  on  September  22,  again  due  to  rainfall. 

Sludge  is  wasted  manually  from  the  biological  processes  based  on 
mixed  liquor  suspended  solids  concentrations  and  sludge  volume  index  deter- 
minations. Neither  the  air  lifts  nor  the  centrifugal  pumps  have  been  cali- 
brated, and  so  the  actual  sludge  wasting  rates  cannot  be  calculated  at  pre- 
sent. Without  wasting  rate,  the  solids  retention  time  in  the  biological  pro- 
cesses cannot  be  calculated  accurately. 

Mixed  liquor  suspended  solids  concentrations  at  the  time  this  pro- 
gram averaged  2,640  mg/L  with  a  volatile  fraction  of  64.9  percent.  The 
return  activated  sludge  suspended  solids  concentration  was  5,730  mg/L. 
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Alum  is  metered  into  the  raw  wastewater  at  a  target  rate  of  900 
mL/min  (1,296  L/d).  The  mean  alum  flow  rate  observed  during  this  study  was 
1,273  L/d,  which  indicates  that  the  target  rate  was  close  to  being  achieved. 
The  observed  range  in  alum  flow  rates  was  1,080  to  1,498  L/d.  The  mean  dos- 
age of  aluminum  was  3.57  mg/L  of  wastewater  treated,  ranging  from  2.19  to 
4.45  mg/L.  Control  of  the  alum  feed  rate  is  relatively  good,  considering 
that  the  rate  of  addition  is  controlled  by  a  manually  adjusted  plastic 
valve.  Alum  flows  by  gravity  from  the  storage  tank  to  the  point  of  addition, 
and  consequently  changes  in  the  alum  level  in  the  tank  result  in  fluctuations 
in  the  feed  rate.  Manual  adjustment  is  made  to  maintain  the  desired  dosage. 

Monitoring  data  for  the  sampling  program  are  summarized  in  Table 
6.5.  The  mean  BOD5  and  TSS  concentrations  in  the  raw  wastewater  were  78  and 
160  mg/L,  respectively.  The  total  phosphorus  concentration  during  this  pro- 
gram was  4.9  mg/L.  The  mean  concentrations  of  BOO5  and  total  phosphorus 
agree  well  with  the  mean  annual  average  concentrations  reported  in  Table 
6.2.  The  mean  TSS  level  observed  in  the  program  (160  mg/L)  is  higher  than 
the  mean  annual  average  of  121  mg/L  for  1981  to  1985.  The  raw  wastewater 
samples  in  this  study  consisted  of  a  24  hour  composite  sample,  rather  than 
the  8  hour  composite  submitted  by  operating  staff  for  routine  analysis. 
Because  early  morning  wastewater  is  normally  weaker  than  wastewater  collected 
during  regular  working  hours,  the  wastewater  collected  during  this  study  may 
actually  be  stronger  than  that  from  1981  to  1985. 

The  quality  of  the  effluents  produced  by  the  treatment  plants  in 
this  study  was  observed  to  be  very  high.  Mean  concentrations  of  pollutants 
were  low  and  nearly  identical  in  both  effluent  samples  (i.e.  No.  2  effluent 
and  No.  4  effluent).  Effluent  BOO5  concentrations  averaged  2.0  and  2.3  mg/L 
for  plants  2  and  4,  respectively.  TSS  levels  in  both  effluents  averaged  7 
mg/L.  The  low  effluent  suspended  solids  are  due  in  part  to  the  good  settling 
properties  of  the  mixed  liquor.  Sludge  volume  index  values  recorded  by  oper- 
ating staff  during  this  study  averaged  87  to  90.  Total  phosphorus  concentra- 
tions on  all  sampling  days  never  exceeded  1.0  mg/L,  averaging  0.7  mg/L  in 
No.  2  effluent  and  0.8  in  No.  4  effluent.  Mean  soluble  phosphorus  concentra- 
tion in  No.  2  and  No.  4  effluents  were  0.5  and  0.6  mg/L,  respectively.  In 
raw  wastewater,  the  soluble  fraction  of  the  total  phosphorus  averaged  50  per- 
cent, while  mean  soluble  phosphorus  fractions  were  76  and  73  percent  in  No.  2 
and  No.  4  effluent,  respectively.  Distributions  of  total  phosphorus  and  sol- 
uble phosphorus  concentration  in  St.  Thomas  samples  are  presented  in  Figures 
6.2  and  6.3  respectively. 
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Contaminant  removals  efficiencies  observed  during  the  sampling  pro- 
gram are  summarized  in  Table  6.5.  Consistently  high  3OD5  and  TSS  removal 
efficiencies  were  recorded  for  both  effluents.  Mean  removals  were  97  percent 
for  BOD5  and  95  percent  for  TSS  in  both  effluents.  Phosphorus  reductions 
were  slightly  greater  in  the  No.  2  plant  effluent  than  in  the  No.  4  plant 
effluent.  Soluble  phosphorus  removal  efficiencies  averaged  75  percent  in 
No.  2  plant  effluent,  and  71  percent  in  No.  4  plant  effluent.  The  lowest 
removal  efficiencies  were  noted  on  the  first  sampling  day  of  each  week. 
Daily  flow  rates  to  the  plant  also  tended  to  be  highest  on  the  first  day,  and 
consequently  the  reduced  removal  efficiency  may  be  flow  related. 

Mean  removal  of  particulate  phosphorus  averaged  92  percent  in  No.  2 
effluent  and  88  percent  in  No.  4  effluent.  No  trends  similar  to  those  for 
soluble  phosphorus  removal  were  noted. 

Key  operating  parameters  which  affected  phosphorus  removal  at  the 
St.  Thomas  WPCP  are  summarized  in  Table  6.7.  Because  the  flows  directed  to 
plant  No.'s  2  and  3  were  maintained  at  a  constant  rate,  plant  No.  4  was  sub- 
jected to  considerable  flow  variation  during  this  study.  The  mean  flow 
through  plant  No.  4  was  130  percent  of  the  design  average  daily  flow;  very 
high  flows  were  observed  in  the  last  week  of  the  study  (i.e.  September  29  to 
October  1).  Excessive  flow  through  plant  No.  4  was  also  noted  on  the  first 
sampling  day  of  each  week  (September  15,  22,  29).  In  comparison,  the  flows 
in  plant  No.'s  2  and  3  were  constantly  maintained  at  104  percent  and  57  per- 
cent of  the  design  average  daily  flow,  respectively. 

The  relatively  high  flows  through  plant  No.  4  resulted  in  surface 
loading  rates  of  35.0  and  35.7  m-^/m^-d,  based  on  average  daily  flows,  on 
September  29  and  30.  The  MOE  recommended  peak  surface  loading  rate  for  sec- 
ondary clarifiers  in  nitrifying  activated  sludge  plants  is  30  m-^/m^/d.  The 
high  surface  loading  rates  appeared  to  result  in  higher  particulate  phospho- 
rus and  suspended  solids  concentrations  in  the  third  week  of  the  study 
(September  29  to  October  2)  in  the  effluent  flow  for  plant  No.  4. 

Because  alum  was  metered  into  the  raw  wastewater  at  a  constant 
rate,  the  fluctuating  influent  flow  rates  resulted  in  a  variable  aluminum 
dosage.  In  addition,  the  soluble  phosphorus  concentration  was  observed  to 
vary  from  1.4  to  3.9  mg/L.  As  a  result,  the  molar  Al:soluble  P  ratio  aver- 
aged 2.0,  and  ranged  from  1.1  to  2.7.  This  alum  dosage  was  adequate  to  pro- 
vide good  pho-sphorus  removal  efficiencies  during  this  study. 
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TABLE   4.7.      SUMMAST   OF   IV   OPERATING   'MU^iJlK   -08    5T.    'HOtWS   dPC? 


DATE 

PLANT 
NO. 

FLOW      lOOOm^'dl 

AVERAGE 

FLOW 

!1  OF 

DESIGN) 

CLARIFIED   LOADING 

(i«3/m2.^) 

Al   DOSE 

RAW   irtSTE 
SOLJBLE    P 

(»9/I-.i 

«1: SOLJBLE    P 
RATIO 

EFFLUENT  jjal:t» 

•HJ/L,            ^ 

ISOL.P     1 
1                  1 

AVG. 

»EAIC 

AVG. 

PEAK 

HEIGHT 

"OLAR 

Sept   15 

2 
3 

4.49 
5.18 

4.49 
5.18 

99 

57 

19.8 
22.7 

19.3 
22.7 

12 

0.2 

<0.3     . 

I 

4 

11. 6« 

24.02 

135 

25.1 

51.3 

6 

0.1 

0.7 

Total 

21.34 

33.69 

96 

- 

- 

2.89 

1.6 

1.8 

2.1 

16 

2 

1.67 

4.67 

103 

20.7 

20.7 

7 

0.2 

0.5     i 

3 

5.18 

5.18 

57 

22.7 

22.7 

1 

4 

7.78 

15.47 

90 

16.3 

33.3 

6                0.3 

0.6 

Total 

17.63 

25.32 

79 

- 

- 

4.45 

2.0 

2.2 

2.6 

1 

17 

2 
3 

1.67 
5.18 

1.67 
5.18 

103 
57 

20.7 
22.7 

20.7 
22.7 

:.; 

4 

7.60 

15.47 

90 

16.8 

33.3 

6                 0.3 

0.6 

Total 

17.45 

25.32 

78 

- 

4.40 

2.3 

1.9 

2.2 

18 

2 
3 

4.67 
5.18 

4.67 
5.18 

103 
57 

20.7 
22.7 

20.7 
22.7 

6                  0.2 

0.6 

4 

7.00 

17.28 

81 

15.1 

37.2 

3                 0 

0.6 

Total 

16.85 

27.13 

76 

- 

- 

4.36 

3.7 

1.2 

1.4 

22 

2 
3 

4.49 

5.18 

4.49 

5.18 

99 

57 

198.3 
22.7 

19.3 
22.7 

9                 0.1 

0.5 

4 

12.70 

25.06 

147 

27.4 

54.0 

5                 0.1 

0.7 

Total 

22.38 

34.73 

101 

- 

- 

2.99 

1.5 

2.0 

2.3 

23 

2 

3 

1.49 

5.18 

1.49 

5.18 

99 

57 

19.8 
22.7 

19.8 
22.7 

4 

0.1 

0.5  ; 

i 

11.92 

21.77 

138 

25.7 

16.9 

i        1 

3.1 

■;.: 

■Total 

21.60 

31.45 

97 

- 

3.54 

1.6 

2.3 

2.6      1 

1 

24 

2 
3 

1.19 
5.23 

1.19 
5.13 

99 

57 

19.3 
22.7 

19.3 
22.7 

i         4 

0.1 

1.6 

1 

4 

5.90 

17.28 

103 

19.2 

37.2 

* 

3 

3.7.     1 

Total 

15.58 

26.96 

34 

- 

- 

3.16 

3.9 

1.0 

1.1 

25 

2 
3 

4.67 
5.27 

5.01 
5.36 

103 
58 

20.7 
23.1 

22.2 
23.5 

3 

0.2 

0.6     1 
1 

4 

9.59 

16.42 

111 

20.7 

3S.4 

i 

3.6     ! 

Total 

19.53 

26.78 

38 

■- 

- 

3.93 

3.4 

1.2 

1.3    : 

1 

29 

2 

3 

4.34 
5.18 

1.34 

5.18 

107 
57 

21.4 
22.7 

21.4 
22.7 

7                  0.2 

Q.5     1 

4 

16.24 

23.33 

138 

35.0 

50.3 

15          i       0.3 

0.'    ! 

Total 

26.27 

33.5 

118 

- 

- 

2.69 

1.6 

1.7 

1.9 

X) 

2 

3 

5.01 
5.18 

5.01 
5.18 

110 
57 

22.2 
22.7 

22.2 
22.7 

0.1 

0.5 

4 

16. 5« 

22.90 

192 

35.7 

49.4 

15 

0.4 

0.4 

Total 

26.78 

33.09 

120 

- 

3.24 

1.4 

2.3 

2.7 

Oct       1 

2 

3 

5.01 
5.18 

5.01 
5.18 

110 
57 

22.2 
22.7 

22.2 

22.7 

O.l 

O.S 

4 

13.56 

21.17 

157 

79.2 

45.6 

0.3 

0.4 

Total 

23.76 

31.36 

107 

- 

- 

3.09 

1.7 

1.8 

2.1 

2 

2 
3 

5.01 
5.18 

5.01 
5.18 

110 
57 

22.2 
22.7 

22.2 

22.7 

O.I 

O.S 

4 

11.06 

20.74 

128 

23.8 

44.7 

0.4 

0.4 

Total 

21.25 

30.93 

96 

- 

- 

3.30 

2.5 

1.3 

1.5 

• 

2 

4.71 

4.74 

104 

20.8 

20.9 

0.1 

0.5 

NC4N 

3 

5.19 

5.20 

57 

22.9 

22.8 

1 

4 

11.21 

20.08 

130 

2*. 2 

43.3 

0.2 

0.6     1 

Total 

21.12 

30.02 

95 

• 

3.57 

2.3 

1.7 

2.0 

i 
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In  comparison  with  the  historical  data  for  phosphorus  removal, 
effluent  total  phosphorus  concentration  never  exceeded  1.0  mg/L.  Several 
•factors  account  for  this.  The  operating  staff  increased  the  alum  feed  rate 
in  early  1986  to  900  mL/min.  In  1985,  the  dosage  rate  was  700  mL/min,  and 
based  on  annual  historical  flow  and  total  phosphorus  data,  the  molar  Al:total 
P  ratio  for  1985  was  0.69.  In  comparison,  the  molar  Al:total  P  ratio  during 
the  1986  sampling  program  was  0.98.  This  increase  in  the  A1:P  ratio  may 
partly  explain  the  better  phosphorus  removal  efficiency  observed  in  this  pro- 
gram relative  to  historical  data. 

A  second  factor  is  the  installation  of  new  flow  controlling  equip- 
ment in  late  summer  of  1986  so  that  the  flows  to  plant  No. 's  2  and  3  is  con- 
stant while  plant  No.  4  manages  the  excess  flow.  In  the  past,  plant  No.  3 
treated  the  majority  of  the  wastewater  arriving  at  the  WPCP.  Plant  No.  3  is 
designed  with  the  shorter  HRT's  in  primary  and  secondary  clarifiers  and  aera- 
tion tanks,  and  excessive  flows  through  this  plant  may  have  resulted  in  in- 
complete phosphorus  removal  due  to  solids  carryover  in  the  effluent.  The 
monthly  historical  data  of  1984  and  1985  (Table  6.3)  indicate  that  many  of 
the  highest  effluent  total  phosphorus  concentrations  are  associated  with  high 
total  suspended  solids  levels. 

A  third  factor  is  the  number  of  samples  collected  for  monitoring. 
The  historical  data  consist  of  only  one  sample  per  month  at  St.  Thomas,  which 
may  be  inadequate  to  accurately  characterize  the  phosphorus  removal  effi- 
ciency. This  may  be  especially  true  if  the  only  sample  in  the  month  is  taken 
while  the  treatment  plant  is  temporarily  upset  and  the  effluent  quality  does 
not  represent  normal  operation.  Also,  samples  sent  by  operating  staff  to  the 
MOE  laboratory  in  London  for  routine  monitoring  are  manually  collected  8  hr 
composite  samples,  usually  collected  during  daylight  hours  when  the  raw 
wastewater  strength  is  typically  highest.  Composite  samples  collected  in 
this  study  included  nightly  sub-samples,  which  tend  to  dilute  the  higher  con- 
centrations of  day-time  wastewater. 

6.3      Sumnary  of  St.  Thomas  WPCP  Phosphorus  Monitoring  Program 

The  monitoring  program  conducted  at  the  St.  Thomas  WPCP  indicated 
that  the  treatment  plant  is  capable  of  producing  a  high  quality  effluent. 
BOD5  and  TSS  concentrations  in  the  effluents  from  plant  No.'s  2  and  3  south 
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were  consistently  low  due  to  the  constant  applied  wastewater  flow.  Effluent 
BOD5  and  TSS  concentrations  increased  significantly  when  excessive  flow  was 
applied  to  plant  No.  4.  Total  phosphorus  concentrations  in  the  two  effluent 
outfalls  never  exceeded  1.0  mg/L,  although  the  historical  data  indicated  that 
this  limit  was  exceeded  approximately  50  percent  of  the  time  in  1984  and 
1985. 

Possible  reasons  for  the  improved  phosphorus  removal  efficiency 
observed  in  this  study  relative  to  historical  performance  data  are: 
(i)  higher  alum  feed  rate  than  previously  maintained; 
(ii)  improved  flow  distribution  to  the  smaller  sub-treatment  plants  com- 
prising the  whole  WPCP; 
(iii)  more  representative  evaluation  of  treatment  plant  performance  based 

on  greater  sample  size; 
(iv)  collection  of  24  hr  flow-proportioned  composite  samples  of  effluent 
rather  than  8  hr  manually  composited  sample. 

Plant  No.  4  appears  to  be  subject  to  hydraulic  overloading  if  the 
surface'  loading  exceeds  30  m-^/m^-d,  with  resulting  deterioration  of  efflu- 
ent quality.  Effluent  samples  collected  during  periods  of  excessively  high 
flow  will  probably  reflect  the  deteriorating  plant  performance. 
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7.0  HUMBER  (ETOBICOKE)  WATER  POLLUTION  COHTROL  PLANT 

7.1  Plant  Description  and  Historical  Performance 
7.1.1     Plant  Description 

The  Number  WPCP  is  one  of  two  major  secondary  treatment  facilities 
serving  Metropolitan  Toronto.  The  plant,  which  is  operated  by  Metro  Toronto, 
was  designed  as  a  conventional  activated  sludge  plant  with  provisions  for 
continuous  phosphorus  removal.  However,  the  plant  is  currently  operating  in 
the  step  aeration  mode.  The  plant  is  designed  to  handle  an  average  daily 
flow  of  409,140  m^/day  (90  MIGPD)  with  a  peak  hydraulic  load  of  818,296  m^/ 
day  (180  MIGPD).  A  schematic  flow  sheet  of  the  plant  is  provided  in  Figure 
7.1.  Available  design  parameters  for  the  Humber  WPCP  are  summarized  in  Table 
7.1. 

Raw  sewage  is  routed  to  the  plant  via  the  Humber  Trunk  Sewer  (2700 
cm  diameter)  from  the  north  and  the  Queensway  Trunk  Sewer  (1800  cm  diameter) 
from  the  south.  Both  these  waste  streams  merge  prior  to  entering  the  head 
house.  Screening  is  provided  upstream  of  the  head  house  by  bar  screens  with 
a  1"  spacing.  Flow  is  split  up  at  the  head  house  and  routed  to  the  north  and 
south  sides  of  the  plant  in  an  approximate  50/50  split.  Grit  removal  for  the 
north  split  is  provided  by  aerated  grit  removal  tanks.  The  raw  sewage  routed 
to  the  south  side  is  sent  through  detritors  for  grit  removal. 

Primary  sedimentation  is  facilitated  by  6  parallel  clarifiers  for 
the  south  side  (*l-6)  and  3  parallel  clarifiers  for  the  north  side  (#7-9). 
Each  of  the  south  side  clarifiers  are  72.2  m  by  10.4  m  with  a  liquid  depth  of 
3.1  m  providing  a  total  surface  area  of  4050  m^  for  primary  sedimentation. 
Each  of  the  north  side  clarifiers  are  78.9  m  by  25.3  m  with  a  liquid  depth  of 
3.6  m  providing  a  total  surface  area  of  5989  m^.  The  total  area  available 
for  primary  sedimentation  in  the  plant  is  10,494  m^.  The  total  primary  clar- 
ifier  volume  is  20,935  m^.  Scum  removal  is  accomplished  by  a  wooden  flight 
on  endless  chain  and  sprocket  in  tanks  1  to  4,  and  a  travelling  bridge  mech- 
anism in  primary  tanks  5  to  9. 

Biological  treatment  is  accomplished  in  two  parallel  trains  of  five 
(south  side)  and  two  (north  side)  aeration  cells.  The  south  side  aeration 
tanks  are  139.3  m  long  by  8.2  m  side  by  4.6  m  deep.  The  north  side  aeration 
tanks  are  73.2  m  by  17.8  m  by  7.5  m.  The  total  aeration  vol ume  available  is 
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TABLE  7.1  -DESIGN  SUMMARY  -  HUMBER  WPCP 


DESIGN   CRITERIA 

DESIGN 

VALUE 

AVERAGE 

PEAK 

Flow   (m^/d) 

409,140 

818,296 

Sewer  Collection  System 

75%  separate 
25%  combined 

Bypass  -  Point 

After  primaries   for 
flow  >818,296  m3/d 

After  grit   removal 
for  flow  >1, 022, 870 
m^/d 

-  Frequency 

5-10  per  year, 
after  primaries 

-  Discharge  Point 

Outfall 

Primary  Clarification 

HRT    (hours) 

1.2 

0.6 

Overflow  Rate               Tanks   1-6 
(m^/m/d)                          (South  Side) 

44.9 

120.1 

Tanks   7-9 
(North  Side) 

40.6 

120.1 

Hydraulic  Capacity     Tanks   1-6 
(m^/d)                             (South  Side) 

30,000 

79,000 

Tanks   7-9 
(North  Side) 

77,000 

230,000 

Aeration  System 

HRT    (hours) 

2.7 

1.3 

Return  Sludge  Rate 

100% 

operated   at 

100%   (night) 

40%   (day) 

Phosphorus  Removal 

Chemical 

Feci  2 

Secondary  Clarification 

HRT    (hours) 

5.4 
4.6   (operational )* 

2.7 

2.3   (operational )* 

Overflow  Rate             (North  Plant) 
(m3/m2/d)                      (South  Plant) 

18.1 
19.9 

35.4 
35.4 

Hydraulic  Capacity   (North  Plant) 
(m"3/d)                             (South  Plant) 

59,000 
295,000 

118,000 
535,000 

Note:  *Final  Tanks  1-4  were  not  in  service  during  the  study  period. 
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45,686  m^.  Aeration  is  by  means  of  a  dome  diffuser  system.  Air  supply  to 
the  south  plant  is  accomplished  by  three  gas  engines  rated  at  900  HP  each,  as 
well  as  an  electric  blower  rated  at  1500  HP.  Air  supply  to  the  north  side  of 
the  plant  is  accomplished  by  a  1500  HP  electric  blower.  Primary  effluent  and 
return  activated  sludge  are  distributed  equally  to  the  aeration  cells. 

Phosphorus  removal  is  accomplished  by  ferrous  chloride  addition  to 
the  mixed  liquor  upstream  of  the  secondary  clarifiers.  The  points  of  ferrous 
chloride  addition  are  shown  in  Figure  7.1.  Ferrous  chloride  is  delivered  by 
seven  positive  displacement  pumps  from  three  storage  tanks  to  the  addition 
points.  The  chemical  feed  rate  is  adjusted  manually  by  the  pump  speed  and 
stroke  setting. 

•Secondary  clarification  is  accomplished  by  twelve  (#1-12)  parallel 
29  m  square  clarifiers,  and  seven  (#13-17, #19-20)  parallel  circular  45.7  m 
diameter  clarifiers.  Clarifiers  13,  14,  19  and  20  are  utilized  specifically 
for  the  north  side  of  the  plant.  The  total  surface  area  available  for  clari- 
fication is  21,553  m^;  however  during  the  study  period  four  square  clarifiers 
(#1-4)  were  not  operational,  thus  reducing  the  available  surface  area  to 
18,199  m2.  The  total  (available)  final  clarifier  liquid  volume  was  79,120 
m3. 

Return  sludge  is  handled  by  four  150  HP  and  fifteen  40  HP  vertical 
centrifugal  pumps  that  are  capable  of  providing  100  percent  sludge  recycle  at 
design  flow.  Secondary  effluent  is  chlorinated  prior  to  discharge  to  Lake 
Ontario. 

Two  stage  anaerobic  digestion  is  provided  for  waste  activated 
sludge  and  primary  sludge.  Prior  to  digestion,  the  waste  activated  sludge  is 
thickened  in  an  air  flotation  thickener.  Primary  sludge  is  sent  directly  to 
the  primary  digesters.  Four  primary  digesters  provide  a  total  volume  of 
29,095  m^ .  The  two  secondary  digesters  provide  a  total  volume  of  14,547  m-^. 
Five  and  a  half  tonnes  of  digested  sludge  per  day  is  routed  to  the  main  WPCP 
incinerator  via  the  mid  Toronto  interceptor.  The  remaining  digested  sludge 
is  landfilled  at  the  Brock  Road  West  landfill. 

7.1.2     Historical  Performance 

Table  7.2  summarizes  the  annual  performance  of  the  Humber  WPCP  for 
the  years  1931  to  1985.  The  plant  has  consistently  produced  an  effluent  of 
relatively  low  quality,  averaging  approximately  14  mg/L  total  BOOs,  22  mg/L 
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total  suspended  solids  and  1.26  mg/L  total  phosphorus  for  the  five  year  per- 
iod, 1981  to  1985.  During  this  period  the  annual  effluent  total  phosphorus 
concentrations  were  consistently  greater  than  1  mg/L.  Influent  strength  has 
typically  been  high  at  371  mg/L  total  BOO5,  362  mg/L  total  suspended  solids 
and  9.58  mg/L  total  phosphorus  for  the  five  year  period.  Average  daily  flow 
to  the  plant  for  the  five  year  period  was  371,560  m^/day  (90.8  percent  of 
design  flow). 

Monthly  effluent  quality  data  for  1984  and  1985  (BOD5,  suspended 
solids  and  total  phosphorus)  are  presented  in  Table  7.3.  During  1984  efflu- 
ent phosphorus  levels  were  greater  than  1  mg/L  for  10  months  of  the  year. 
Effluent  phosphorus  levels  were  slightly  better  in  1985  and  only  exceeded  1 
mg/L  for  6  months  of  the  year.  However,  none  of  the  monthly  average  effluent 
phosphorus  levels  dropped  below  0.5  mg/L  for  either  year.  Effluent  suspended 
solids  exceeded  15  mg/L  for  10  of  the  months  in  1984  and  6  months  in  1985. 
Effluent  suspended  solids  were  as  high  as  53  mg/L  (May,  1984).  It  is  inter- 
esting to  note  that  during  the  months  when  total  phosphorus  was  in  compliance 
with  effluent  guidelines,  the  corresponding  effluent  suspended  solids  were 
also  relatively  low.  Effluent  BOD5  exceeded  15  mg/L  for  four  months  during 
the  two  year  period,  but  stayed  below  the  25  mg/L  level. 

7,2      Sampling  Program 

The  Humber  WPCP  was  sampled  between  August  6,  1986  and  September  6, 
1986.  Twelve  daily  samples  were  collected  during  this  period. 

Sampling  locations  were  identified  in  Figure  7.1.  A  twenty-four 
hour  sample  of  raw  wastewater  (after  screening)  was  obtained.  Twenty-four 
hour  composite  samples  of  primary  effluent  were  collected  from  the  north  and 
south  primary  effluent  conduits.  These  samples  were  flow  proportioned  to  ob- 
tain a  single  composite  sample.  Twenty-four  hour  flow-proportioned  composite 
samples  of  secondary  effluent  (after  chlorination)  were  also  collected. 
Final  tanks  1  to  4  were  not  in  operation  during  the  study.  In  addition,  grab 
samples  of  mixed  liquor  and  return  sludge  were  collected  to  allow  SRT  calcu- 
lations to  be  completed.  Grab  samples  of  ferrous  chloride  were  also  obtained 
on  a  daily  basis.  The  samples  were  obtained  from  an  air  line  on  one  of  the 
ferrous  chloride  pups.  These  samples  were  representative  of  ferrous  chloride 
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7.3  -  MONTHLY  AVERAGE  PERFORMANCE  OF  HUMBER  WPCP 


YEAR 

MONTH 

EFFLUENT  BOD5 
(mg/L) 

n 
BOD 

EFFLUENT  TSS 
(mg/L) 

n 
TSS 

EFFLUENT  TP 
(mg/L) 

n 
TP 

JAN. 

10.0 

22 

13.0 

31 

0.89 

31 

FEB. 

6.0 

21 

9.0 

29 

0.70 

29 

MAR. 

16.0 

21 

26.0 

30 

1.90 

31 

APR. 

15.0 

20 

22.0 

30 

1.80 

30 

MAY 

24.0 

21 

58.0 

29 

1.10 

31 

JUN. 

13.0 

20 

39.0 

29 

1.10 

30 

1984 

JUL. 

8.0 

22 

25.0 

31 

1.12 

31 

AUG. 

13.0 

21 

24.0 

31 

1.60 

31 

SEP. 

9.0 

19 

17.0 

30 

1.10 

30 

OCT. 

13.0 

22 

35.0 

31 

2.50 

31 

NOV. 

13.0 

18 

24.0 

30 

1.60 

30 

DEC 

12.0 

12 

23.0 

31 

1.80  . 

31 

JAN. 

11.0 

22 

16.0 

31 

1.46 

31 

FEB. 

14.0 

20 

16.0 

28 

1.13 

26 

MAR. 

9.0 

21 

14.0 

31 

1.20 

31 

APR. 

8.0 

20 

15.0 

30 

0.92 

30 

MAY 

14,0 

21 

23.0 

31 

0.90 

31 

JUN. 

20.0 

20 

34.0 

30 

1.76 

30 

1985 

JUL. 

20.0 

23 

26.0 

31 

1.39 

31 

AUG. 

6.0 

20 

11.0 

31 

0.66 

31 

SEP. 

8.0 

21 

14.0 

30 

0.87 

30 

OCT. 

12.0 

22 

24.0 

31 

1.43 

31 

NOV. 

7.0 

19 

11.0 

30 

0.57 

30 

DEC 

9.0 

17 

14.0 

31 

0.65 

31 

n  -  Number  of  samples 
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employed  throughout  the  plant,  since  ferrous  chloride  from  the  various  stor- 
age tanks  feed  a  common  header  before  being  pumped  to  the  addition  points. 

7,4      Results  of  Sampling  Program 

Table  7.4  presents  operating  data  for  the  sampling  dates  at  the 
Number  WPCP.  Average  daily  flow  for  these  dates  was  415,500  m-^/d  or  102  per- 
cent of  plant  design.  This  flow  is  significantly  higher  than  observed  during 
1985  (378,110  m^/d  or  92  percent  of  design).  The  unusually  heavy  precipita- 
tion during  the  sampling  period  contributed  to  these  high  flows.  Peak  flows 
in  excess  of  818,296  m^/d  (peak  design  flow)  were  observed  on  three  separate 
occasions  during  this  period. 

Control  over  the  biological  system  is  maintained  by  continuous 
wasting;  however,  during  the  monitoring  period  the  volume  wasted  varied  from 
a  low  of  1970  m-^/d  to  a  high  of  4400  m-^.  Wastage  was  performed  from  the 
return  sludge  line.  The  data  collected  indicates  that  on  the  average  2.6 
percent  of  the  return  sludge  was  wasted.  Solids  retention  time  varied  from 
0.6  days  to  4.2  days,  and  was  generally  below  3  days.  This  was  due  to  the 
variation  in  wastage  rate  as  well  as  the  relatively  high  concentration  of 
solids  in  the  final  effluent. 

The  volume  of  ferrous  chloride  added  varied  dramatically  over  the 
monitoring  period.  The  concentration  of  iron  in  the  ferrous  chloride  also 
varied  from  a  low  of  29,850  mg  Fe/L  to  a  high  of  85,755  mg  Fe/L.  The  calcu- 
lated chemical  dosage  averaged  5.50  mg  Fe/L  over  the  four  week  sampling  per- 
iod and  ranged  from  1.3  mg/L  to  11.8  mg/L. 

The  results  of  the  monitoring  program  are  summarized  in  Table  7.5. 
Raw  wastewater  strength,  in  terms  of  all  parameters,  was  low  compared  to  his- 
torical data.  The  raw  wastewater  averaged  190  mg/L  BOO5  and  222  mg/L  sus- 
pended solids.  Raw  wastewater  total  phosphorus  levels  averaged  8.7  mg/L  of 
which  approximately  33  percent  was  present  in  soluble  form.  The  lower 
strength  wastewater  is  consistent  with  the  higher  flows  experienced  during 
the  monitoring  period,  caused  by  unusually  high  rainfall.  Effluent  quality 
during  the  monitoring  period  differed  from  historical  data.  The  average 
effluent  BOD5  was  10.5  mg/L,  slightly  lower  than  the  five  year  average 
(1981-1985)  of  13.9  mg/L.  The  average  effluent  suspended  solids  was  50  mg/L, 
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TABLE   7.5:      SUMM/ 
D/ 

\RY   OF   PERFORMANCE   MONITORING 
\TA   HUMBER    WPCP 

CONCENTRATION    (mg/L) 

DATE 

STREAM 

BOD5 

TSS 

TOTAL   P 

SOLUBLE   P 

Aug 

6 

Raw 

Primary  Effluent 

Final   Effluent 

375 
6.7 

200 
25 

6.90 

11.20 

1.1 

3.83 
3.40 
0.47 

Aug 

10 

Raw 

Primary  Effluent 

Final   Effluent 

170 

4.7 

280 

17 

8.57 

5.55 

<0.45 

2.30 
2.90 
<0.2 

Aug 

11 

Raw 

Primary   Effluent 

Final   Effluent 

117 
4.3 

260 
16 

9.44 

NA 
0.70 

4.18 
2.45 
0.21 

Aug 

17 

Raw 

Primary  Effluent 

Final   Effluent 

116 
6 

140 
30 

6.05 

3.50 

<0.45 

2.22 

2.05 
<0.18 

Aug 

18 

Raw 

Primary  Effluent 

Final   Effluent 

228 
8.5 

130 
20 

6.32 

4.2 

0.93 

2.62 

NA 
0.99 

Aug 

19 

Raw 

Primary  Effluent 

Final   Effluent 

301 

14,5 

350 
30 

12.0 
5.40 
1.36 

3.60 
2.86 
0.39 

Aug 

20 

Raw 

Primary   Effluent 
Final    Effluent 

11 

230 
26 

5.80 
5.26 

1.47 

1.80 
1.94 

0.S3 

Aug 

25 

Raw 

Primary  Effluent 

Final   Effluent 

180 
10 

170 
31 

13.67 
3.47 
1.45 

3.40 

3.16 

NA 

Aug 

26 

Raw 

Primary  Effluent 

Final    Effluent 

230 

13 

220 
285 

9.15 
4.90 
2.25 

2.25 

NA 
1.05 

Sept 

4 

Raw 

Primary  Effluent 

Final    Effluent 

230 
17 

180 

50 

9.80 
4.90 
1.46 

3.27 
3.45 
0.46 

Sept 

5 

Raw 

Primary  Effluent 

Final   Effluent 

160 

18 

260 
90 

7.70 
5.60 
1.81 

2.40 
2.90 

0.53 

Sept 

6 

Raw 

Primary   Effluent 

Final   Effluent 

170 
12 

240 
40 

9.0 

4.10 

1.44 

2.7 
2.90 
<0.2 

AVERAGE 

Raw 

Primary   Effluent 

Final    Effluent 

190 
10.5 

222 
55 

3.7 

5.28 

1.24 

2.88 
2.80 

0.47 
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more  than  double  the  five  year  average  of  22  mg/L.  The  high  effluent  sus- 
pended solids  concentration  was  a  result  of  the  unusually  high  rainfall  dur- 
ing the  sampling  period.  The  total  phosphorus  in  the  secondary  effluent  was 
1.24  mg/L,  of  which  38  percent  was  present  in  soluble  form.  Probability  dis- 
tributions for  the  total  and  soluble  components  of  the  phosphorus  in  raw  sew- 
age, primary  effluent  and  secondary  effluent  are   presented  in  Figures  7.2, 

7.3  and  7.4.  Primary  clarification  reduced  the  total  phosphorus  concentra- 
tion by  approximately  39  percent  prior  to  chemical  precipitation. 

Key  operating  parameters  affecting  phosphorus  removal  at  the  Humber 
WPCP  are  summarized  in  Table  7.6.  Average  final  clarifier  loadings  of 
approximately  23  m^/m^/d  were  observed,  which  were  higher  than  the  design 
value  of  19  m^/m^/d.  This  high  hydraulic  loading  contributed  to  the  high 
final  effluent  suspended  solids  concentrations  observed.  This  was  reflected 
in  the  high  effluent  phosphorus  concentrations  associated  with  particulate 
matter.  The  total  phosphorus  in  the  final  effluent  was  high  and  averaged 
1.24  mg/L.  Based  on  soluble  phosphorus  in  the  primary  effluent,  the  average 
Fe:P  molar  ratio  was  1.20,  compared  to  the  stoichiometric  requirement  of  1. 
The  resulting  final  effluent  soluble  phosphorus  concentrations  were  generally 
in  agreement  with  the  low  metal-to-phosphorus  dosage  ratio,  averaging  0.47 
mg/L. 

7.4  Conclusions  of  the  Humber  WPCP  Monitoring  Program 

The  four  week  monitoring  program  at  Humber  WPCP  confirmed  the  poor 
effluent  quality  reported  historically  at  this  plant  in  terms  of  total  phos- 
phorus. The  final  effluent  BOD5  levels  were  slightly  lower  and  suspended 
solids  levels  slightly  higher  than  historically  reported.  Raw  wastewater 
strength  was  lower  than  had  been  reported  due  to  unusually  high  rainfalls. 

The  soluble  phosphorus  component  of  total  phosphorus  in  the  final 
effluent  was  typically  approximately  0.5  mg/L,  except  for  two  days  (August 
18,  26)  where  the  concentration  was  approximately  1  mg/L.  The  iron  content 
in  the  ferrous  chloride  solution  varied  considerably  over  the  four  week  dura- 
tion of  the  study,  making  dosage  control  difficult. 

The  phosphorus  in  particulate  form  constituted  a  large  component  of 
the  total  phosphorus  in  the  final  effluent.  This  probably  resulted  from  a 
loss  of  suspended  solids  with  the  final  effluent  due  in  part  to  the  rela- 
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lively  high  hydraulic  loading  in  the  final  clarifiers.  This  problem  is 
aggravated  by  high  peak  flows  that  result  from  the  combined  sewers  feeding 
the  plant.  On  August  26,  1986  a  high  peak  flow  caused  by  heavy  rainfall, 
resulted  in  a  final  effluent  suspended  solids  concentration  of  285  mg/L. 
Sludge  management  problems  may  also  contribute  to  the  high  final  effluent 
suspended  solids  concentrations.  As  sludge  disposal  options  for  the  plant 
are  limited,  a  small  volume  of  return  activated  sludge  is  wasted  daily,  thus 
resulting  in  the  formation  of  a  high  sludge  blanket  in  the  final  clarifiers. 
The  sludge  blanket  may  in  part  be  responsible  for  the  high  suspended  solids 
in  the  final  effluent. 
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8.0  TOROfiTO  MAIN  WATER   POLLUTION  CONTROL   PLANT 

8.1  Plant  Description  and  Historical   Perfortnance 
8.1.1  Plant  Description 

The  Main  WPCP  is  the  largest  of  two  major  secondary  treatment  fac- 
ilities serving  Metropolitan  Toronto.  The  plant  which  is  operated  by  Metro 
Toronto  is  a  conventional  activated  sludge  plant  designed  to  handle  an  aver- 
age daily  flow  of  818,300  m^/d  (180  MIGPD)  with  a  peak  hydraulic  flow  of 
1638,000  m^/d  (360  MIGPD).  A  schematic  flow  sheet  of  the  plant  is  provided 
in  Figure  8.1.  Key  design  parameters  for  the  Main  plant  are  summarized  in 
Table  8.1. 

Raw  sewage  enters  the  plant  via  pumping  stations  except  for  raw 
sewage  in  the  Coxwell  trunk  sewer  that  flows  into  the  plant  (conduits  #3  and 
4)  by  gravity.  The  pumping  stations  employ  ten  constant  speed  centrifugal 
pumps  with  a  rated  capacity  of  between  90,920  m3/d  and  181,800  m-^/day,  as 
well  as  five  variable  speed  centrifuge  pumps  rated  at  272,760  m-^/d  each. 
Nine  conduits  channel  the  raw  sewage  into  the  plant,  each  with  a  venturi 
meter  for  flow  measurement.  Screening  in  provided  by  twenty  mechanically 
cleaned  bar  screens.  Grit  removal  is  accomplished  with  ten  aerated  units 
(D.  Bldg.  and  P.  North  Bldg)  with  a  design  HRT  of  12.5  min  and  six  channels 
(P.    South  Rldg)   with   a   design  HRT  of  25  min. 

There  are  twelve  primary  clari Tiers  situated  at  three  different 
locations  on  the  site,  three  in  D.  Bldg.,  three  at  P.  North  and  six  at  P. 
South,  (see  Figure  8.1).  The  D.  Bldg.  clarifiers  are  36.5  m  by  94.8  m,  P. 
North  clarifiers  are  32.9  m  by  76.2  m  and  the  P.  South  clarifiers  are  19.5  m 
by  61.0  m,  thus  providing  a  total  surface  area  of  25,030  m^.  The  total  pri- 
mary clarifier  volume  is  approximately  111,900  m-^.  Raw  sludge  and  scum 
removal  are  accomplished  by  travelling  bridge  mechanisms  for  clarifiers  7  to 
12  and  by  a  wooden  flight  on  endless  chain  and  sprocket  for  clarifiers  1  to 
6. 

Biological  treatment  is  accomplished  in  nine  parallel  aeration 
tanks.  Each  tank  is  162  m  by  24.4  m  and  has  four  channels.  The  total  aera- 
tion volume  is  158,500  m^.  Air  is  introduced  into  the  cells  through  an  air 
sparger    diffused    air    system    serviced    by    five    compressors     rated    at    935    kW 
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TABLE  8.1  -  DESIGN  SUMMARY  -  TORONTO  MAIN  WPCP 


DESIGN  CRITERIA 

DESIGN  VALUE 

AVERAGE 

PEAK 

Flow  (ni3/d) 

818,300 

1,638,000 

Sewer  Collection  System 

some  combined 

Bypass  -  Point 

After  south  primary 
tanks  {n-6) 

-  Frequency 

10/year 

-  Discharge  Point 

Outfall 

Primary  Clarification 

HRT  (hours) 

3.28 

1.64 

Surface  Load  (m^/m^/d) 

55.5 

124 

Hydraulic  Capacity  (m-^/s) 

15.7 

35.7 

Weir  Loading  Rate  (m^/m/d) 

5,190 

Aeration  System 

HRT  (hours) 

4.55 

2.32 

BOD  Loading  Rate  (kg/m^/d) 

0.89 

- 

Return  Sludge  Rate 

100% 

- 

Phosphorus  Removal 

Chemical 

Ferrous  Chloride 

Addition  Point 

Upstream  of  aeration 
tank  overf 1 ow  wei  r 

Secondary  Clarification 

HRT  (hours) 

2.25 

1.12 

Surface  Loading  (m^/m^/d) 

40.8 

81.6 

Chlorination 

2.6  mg/L 

Dosage 

Chlorine  added  to 
final  effluent  con- 
duit (no  contact 
tank) 
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each,  and  three  compressors  rated  at  2240  kW  each.  As  there  are  the  same 
number  of  final  clarifiers  as  there  are  aeration  tanks,  return  activated 
sludge  from  each  clarifier  is  routed  to  the  corresponding  aeration  tank. 

Phosphorus  removal  is  accomplished  by  ferrous  chloride  addition  to 
the  mixed  liquor  prior  to  the  overflow  weir  of  the  aeration  tanks.  Ferrous 
chloride  is  pumped  from  eight  storage  tanks  to  the  addition  points.  However, 
three  to  four  tanks  are  utilized  at  a  time,  while  the  rest  are  being  filled. 
The  chemical  feed  rate  is  adjusted  manually. 

Secondary  clarification  is  accomplished  in  nine  parallel  24.4  m  by 
91.4  m  rectangular  clarifiers,  providing  a  total  surface  area  of  20,071  m^ 
and  a  total  liquid  volume  of  11,970  m-^.  The  sludge  removal  mechanisms  are 
wooden  flight  on  endless  chain  and  sprocket.  Return  sludge  is  handled  by 
centrifugal  pumps  which  return  the  sludge  from  each  clarifier  to  the  corre- 
sponding aeration  tank.  The  return  pumps  are  capable  of  100  percent  sludge 
recycle.  Secondary  effluent  is  chlorinated  prior  to  discharge  to  Lake 
Ontario. 

V/aste  activated  sludge  is  thickened  in  the  dissolved  air  flotation 
unit.  The  total  surface  area  available  for  thickening  is  743  m2.  Two-stage 
anaerobic  digestion  is  provided  for  the  thickened  waste  activated  sludge  as 
well  as  primary  sludge.  Eight  primary  digesters  and  four  secondary  digesters 
provide  a  total  volume  of  89,200  m-^.  Approximately  50  percent  of  the  digest- 
ed sludge  undergoes  heat  treatment  in  the  thermal  oxidation  unit.  This  unit 
can  accept  1,309  m^  sludge/d,  and  has  a  design  temperature  and  pressure  of 
195°C  and  2,200  kPa,  respectively.  Following  heat  treatment,  the  sludge  is 
dewatered  with  belt  presses  and  cloth  filters.  The  remaining  50  percent  of 
digested  sludge  that  does  not  undergo  heat  treatment  is  dewatered  using  coil 
filters.  All  dewatered  sludge  is  then  incinerated,  and  the  ash  disposed  in  a 
lagoon  on-site. 

8.1.2     Historical  Performance 

Table  8.2  summarizes  the  annual  performance  of  the  Main  WPCP  for 
the  years  1981  to  1985.  Effluent  quality  showed  a  deteriorating  trend  over 
this  time  period,  despite  minimal  changes  in  plant  hydraulic  loadings.  The 
five  year  (1981  to  1985)  effluent  quality  averages  were  14.7  mg/L  BOD5,  15.1 
mg/L  suspended  solids  and  0.93  mg/L  for  total  phosphorus.   1985  was  the  only 
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year  when  the  annual  average  total  phosphorus  concentration  exceeded  1  mg/L. 
Influent  strength  was  fairly  typical  (202  mg/L  6005,  223  mg/L  suspended 
solids  and  5.97  mg/L  total  phosphorus).  Average  daily  flow  to  the  plant  for 
the  five  year  period  was  712,040  m-^/d  (87.0  percent  of  design  flow). 

Monthly  effluent  quality  data  for  1984  and  1985  (BOD5,  suspended 
solids  and  total  phosphorus)  are  presented  in  Table  8.3.  Effluent  phosphorus 
levels  exceeded  1.0  mg/L  for  four  months  in  1984  and  seven  months  in  1985. 
Effluent  suspended  solids  exceeded  15  mg/L  for  two  months  in  1984  and  for 
nine  months  in  1985.  Effluent  BOD5  exceeded  15  mg/L  for  nine  months  in  1984 
and  ten  months  in  1985.  In  general,  the  effluent  quality  was  better  in  1984 
than  the  effluent  quality  attained  in  1985. 

8.3  Sampling  Program 

The  Main  WPCP  was  sampled  between  August  6,  1986  and  September  2, 
1986.     Twelve  daily   samples  were  collected  over  this  monitoring  period. 

Sampling  locations  were  identified  in  Figure  8.1.  Twenty-four  hour 
composite  samples  of  raw  wastewater  were  obtained  (after  screening  for  con- 
duits 1  and  2),  before  screening  for  conduits  3  to  9)  from  the  conduits  in 
use.  These  samples  were  flow  composited  to  obtain  a  single  representative 
sample.  Twenty-four  hour  composite  samples  of  primary  effluent  were  obtained 
from  P.  North,  P.  South  and  D.  Bldg.  clarifiers.  These  samples  were  flow 
composited  to  obtain  a  single  representative  sample.  Flow-proportional 
24-hour  composite  samples  of  secondary  effluent  (after  chlorination)  were 
collected.  The  samples  were  a  50/50  mix  of  effluent  from  the  north  and  south 
final  effluent  conduits.  In  addition  composite  samples  of  mixed  liquor  and 
return  sludge  were  collected  to  allow  SRT  calculations  to  be  completed. 
Ferrous  chloride  samples  were  obtained  from  an  air  line  on  one  of  the  chemi- 
cal feed  pumps.  This  sample  was  representative  of  iron  salt  added  to  the 
aeration   headers   as   the  pumps  were   fed   from  a   common   header. 

8.4  Results  of  Sampling  Program 

Table  8.4  presents  operating  data  for  the  sampling  dates  at  the 
Main  WPCP.  Average  daily  flow  for  these  dates  was  1,262,000  m^/d  or  154  per- 
cent of  plant  design.  This  flow  is  significantly  higher  than  observed  during 
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TABLE  8.3  -  MONTHLY  AVERAGE  PERFORMANCE  OF  MAIN  WPCP 


YEAR 

MONTH 

EFFLUENT  BOD5 
(mg/L) 

n 
BOD 

EFFLUENT  TSS 
(tng/L) 

n 
TSS 

EFFLUENT  TP 
(mg/L) 

n 
TP 

JAN. 

29.0 

21 

13.0 

30 

1.20 

30 

FEB. 

18.0 

21 

18.0 

29 

1.20 

29 

MAR. 

9.0 

21 

12.0 

31 

0.80 

31 

APR. 

20.0 

18 

10.0 

30 

1.00 

30 

MAY 

26.0 

19 

20.0 

30 

1.00 

30 

JUN. 

17.0 

17 

11.0 

30 

0.60 

29 

1984 

JUL. 

17.0 

21 

8.0 

31 

0.70 

30 

AUG. 

12.0 

17 

9.0 

29 

1.10 

28 

SEP. 

8.0 

20 

6.0 

30 

0.80 

30 

OCT. 

19.0 

20 

13.0 

31 

0.90 

30 

NOV. 

25.0 

21 

15.0 

30 

1.40 

29 

DEC 

32.0 

14 

8.0 

31 

0.90 

31 

JAN. 

24.0 

23 

10.0 

29 

1.10 

31 

FEB. 

27.0 

16 

28.0 

25 

1.10 

25 

MAR. 

33.0 

19 

29.0 

30 

0.80 

30 

APR. 

11.0 

19 

12.0 

30 

0.60 

29 

MAY 

18.0 

16 

21.0 

30 

0.90 

30 

JUN. 

20.0 

16 

21.0 

30 

1.10 

30 

1985 

JUL. 

14.0 

18 

15.0 

30 

1.10 

30 

AUG. 

17.0 

15 

16.0 

29 

0.90 

29 

SEP. 

16.0 

21 

20.0 

30 

0.80 

30 

OCT. 

36.0 

20 

81.0 

31 

2.50 

31 

NOV. 

22.0 

18 

28.0 

27 

1.10 

28 

DEC 

30.0 

1 

17 

31.0 

27 

1.10 

25 

n  -  Number  of  samples 
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1985  (712,040  m-^/d  or  37  percent  of  design).  The  unusually  heavy  precipita- 
tion during  the  sampling  period  contributed  to  these  high  flows.  Peak  flows 
in  excess  of  1,638,000  m-^/d  were  observed  on  ten  of  the  twelve  sampling  days. 

The  biological  system  was  operated  in  a  stable  mode  by  constant 
wasting.  Solids  retention  time  (SRT)  varied  from  0.9  days  to  2.4  days,  aver- 
aging 1.5  days  for  the  sampling  period. 

Ferrous  chloride  was  added  at  a  fairly  constant  rate  during  the 
monitoring  period,  averaging  59,910  L/d.  The  concentration  of  iron  in  the 
ferrous  chloride  varied  from  51,683  mgFe/L  to  70,890  mgFe/L.  The  calculated 
chemical  dosage  averaged  4.2  mgFe/L  over  the  study  period  and  ranged  from  3.4 
mg/L  to  5.1  mg/L. 

The  results  of  the  monitoring  program  are  summarized  in  Table  8.5. 
Raw  wastewater  strength  in  terms  of  BOD5  and  suspended  solids,  was  low  com- 
pared to  historical  data.  The  raw  wastewater  averaged  87  mg/L  BOO5  and  177 
mg/L  suspended  solids.  Influent  total  phosphorus  levels  were  slightly  lower 
than  indicated  by  historical  data,  averaging  5.5  mg/L.  Approximately  43  per- 
cent of  the  total  phosphorus  was  present  in  soluble  form.  The  lower  strength 
wastewater  is  consistent  with  the  higher  flows  experienced  during  the  moni- 
toring period.  Effluent  quality  during  the  monitoring  period  was  markedly 
different  from  historical  data.  The  average  effluent  BOD5  was  5.7  mg/L  as 
compared  to  the  five  year  average  (1981-1985)  of  14.7  mg/L.  This  lower 
effluent  BOD5  was  probably  due  to  the  lower  influent  BOO5  levels  observed. 
The  average  effluent  suspended  solids  was  58  mg/L,  more  than  three  times  the 
five  year  average  of  15  mg/L.  The  high  effluent  suspended  solids  was  a 
result  of  the  unusually  high  rainfall  during  the  sampling  period.  The  total 
phosphorus  in  the  final  effluent  was  2.01  mg/L,  of  which  13.4  percent  was  in 
soluble  form.  Probability  distributions  for  the  total  and  soluble  components 
of  the  phosphorus  in  raw  sewage,  primary  effluent  and  secondary  effluent  are 
presented  in  Figures  8.2  and  8.3.  There  was  an  increase  in  total  phosphorus 
in  the  primary  effluent  caused  by  the  in-plant  recycle  flows  that  are  high  in 
suspended  solids. 

Key  operating  parameters  affecting  phosphorus  removal  at  the  Main 
WPCP  are  summarized  in  Table  8.6.  Average  final  clarifier  loadings  of 
approximately  63  m-^/m^/d  were  observed  which  were  higher  than  the  design  rate 
of  40,8  m-^/m^/d-.  Peak  hydraulic  loadings  greater  than  the  design  peak  load- 
ing of  81.6  m-^/m^/d  were  also  observed  on  several  occasions.   This  high 
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TABLE  8.5: 


SUMMARY  OF  PERFORMANCE  MONITORING 

DATA  FOR  MAIN  WPCP 


CONCENTRATION    (mg/L) 

DATE 

STREAM 

BOD5 

TSS 

TOTAL   P 

SOLUBLE    P 

Aug       6 

Raw 

Primary  Effluent 

Secondary  Effluent 

85 
16 

140 

180 

4.8 

12.75 

6.24 

1.98 

4.95 

<0.45 

Aug     10 

Raw 

Primary  Effluent 

Secondary  Effluent 

85 
3.1 

200 
24 

5.20 

NA 
0.50 

1.86 

3.00 

<0.19 

Aug     11 

Raw 

Primary  Effluent 

Secondary  Effluent 

100 
3.7 

160 
10 

4.90 
18.20 
<0.45 

2.20 
2.35 

<0.45 

Aug     12 

Raw 

Primary  Effluent 

Secondary  Effluent 

167 
4.2 

260 

7 

6.90 
0.47 

2.09 
4.30 
0.18 

Aug     13 

Raw 

Primary  Effluent 

Secondary  Effluent 

NA 
5 

NA 
40 

8.88 

23.20 

1.11 

5.80 
3.85 
0.21 

Aug     17 

Raw 

Primary  Effluent 

Secondary  Effluent 

65 
3 

130 
6 

5.10 
13.0 
0.77 

1.67 

2.55 

<0.45 

Aug     13 

Raw 

Primary   Effluent 

Secondary  Effluent 

80 
3 

130 

NA 

4.18 
9.25 

0.47 

1.65 

1.10 
<0.15 

Aug     20 

Raw 

Primary  Effluent 

Secondary  Effluent 

130 
3 

210 
36 

5.08 
5.6 

1.45 

2.07 
2.85 

0.13 

Aug     25 

Raw 

Primary  Effluent 

Secondary  Effluent 

48 
- 
2 

270 
18 

5.44 
9.08 
0.88 

3.07 

2.05 

NA 

Aug     26 

Raw 

Primary   Effluent 

Secondary  Effluent 

35 

16 

130 
249 

5.56 
12.5 
8.8 

2.40 

2.10 

<0.30 

Aug     27 

Raw 

Primary  Effluent 

Secondary  Effluent 

42 

7 

200 
70 

3.62 
12.0 
2.55 

1.13 

1.10 

<0.23 

Sept     2 

Raw 

Primary  Effluent 

Secondary  Effluent 

120 
2 

220 
10 

5.80 

2.96 

<0.45 

2.55 

2.35 

<0.20 

AVERAGE 

Raw 

Primary  Effluent 

Secondary  Effluent 

87 
5.7 

177 
58.2 

5.5 

12.35 

2.01 

2.37 
2.71 
0.27 
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loading  contributed  to  the  high  final  effluent  suspended  solids  concentra- 
tions. This  was  reflected  in  the  high  effluent  phosphorus  concentrations 
associated  with  particulate  matter,  approximately  87  percent. 

Based  on  soluble  phosphorus  in  the  primary  effluent,  the  average 
Fe:P  molar  ratio  was  1.0  which  is  the  stoichiometric  requirement.  The  chem- 
ical dosage  averaged  4.2  mg  Fe/L  over  the  monitoring  period  and  ranged  from 
2.5  mg  Fe/L  to  5.3  mg  Fe/L.  The  resulting  final  effluent  soluble  phosphorus 
concentrations  were  relatively  low  and  averaged  0.27  mg/L. 

8.3      Conclusions  of  the  Main  WPCP  Monitoring  Program 

The  final  effluent  total  phosphorus  levels  over  the  monitoring  per- 
iod were  much  higher  than  historically  reported.  The  final  effluent  BOD5 
levels  were  lower  and  the  suspended  solids  levels  higher  than  historically 
reported.  Raw  wastewater  strength  was  lower  than  had  been  reported  due  to 
unusually  high  rainfalls. 

The  soluble  phosphorus  component  of  the  total  phosphorus  in  the 
final  effluent  was  relatively  low.  The  removal  of  soluble  phosphorus  with 
the  addition  of  ferrous  chloride  seems  to  be  working  effectively. 

Phosphorus  contained  in  particulate  form  constituted  a  large  com- 
ponent of  total  phosphorus  in  the  final  effluent.  This  was  probably  a  result 
of  a  loss  of  suspended  solids  with  the  final  effluent,  caused  by  high 
hydraulic  loadings  in  the  final  clarifiers.  This  problem  is  magnified  during 
a  heavy  rainfall  whereby  a  peak  flow  of  a  much  larger  duration  is  encount- 
ered. These  peak  flows  are  a  result  of  combined  sewers  that  feed  the  plant. 
On  August  26,  1986  a  high  peak  flow  caused  by  heavy  rainfall  resulted  in  a 
final  effluent  suspended  solids  of  249  mg/L  and  a  total  phosphorus  concentra- 
tion of  8.8  mg/L,  of  which  approximately  97  percent  was  in  particulate  form. 
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9.0  DUFFIN  CREEK  HATER   POLLUTION  CONTROL   PLANT 

9.1  Plant  Description  and  Historical    Performance 
9.1.1  Plant  Description 

The  Duff in  Creek  WPCP  is  a  conventional  activated  sludge  plant 
located  in  Pickering,  near  the  mouth  of  the  Duffin  Creek.  The  plant,  which 
is  operated  by  the  Regional  Municipality  of  Durham,  is  the  first  stage  in  a 
four-stage  facility  which  will  eventually  serve  over  800,000  people  connected 
to  112  km  (70  mi.)  of  trunk  sewer  in  the  Regions  of  Durham  and  York.  The 
completed  first  stage  (hereinafter  referred  to  as  the  Duffin  Creek  WPCP  or 
plant)  has  an  average  daily  capacity  of  189,250  m^/d  (104.1  MIGD).  Figure 
9.1  presents  a  schematic  diagram  of  the  plant.  Key  design  information  for 
the  Duffin  Creek  WPCP   is   presented   in  Table  9.1. 

Raw  sewage  enters  the  treatment  facility  at  the  splitting  chamber 
at  the  head  of  the  plant.  From  there,  the  sewage  flows  to  a  lift  station 
where  3  screws  pumps  (3.2  m  diameter)  elevate  the  sewage  so  that  it  can  flow 
through   the    remainder  of   the   plant    via   gravity. 

Preliminary  treatment  consists  of  screening  and  grit  removal.  Six 
mechanically  cleaned,  hydraul ical ly  operated  screens,  each  1.83  m  wide,  are 
used  to  remove  screenable  material  from  the  influent  sewage.  Four  10.7  m 
square  detritor  tanks,  each  0.8  m  deep,  are  employed  for  grit  removal.  '\11 
screenings  and  grit  removal  during  preliminary  treatment  are  disposed  of  in 
landfill    sites. 

Effluent  from  the  detritor  tanks  is  split  approximately  evenly 
between  the  east  and  west  sides  of  the  plant.  Four  primary  clarifiers,  each 
24.4  m  X  54.0  m  x  3.7  m,  provide  a  total  surface  area  of  over  5270  m^  for 
primary  sedimentation.  Total  primary  clarifier  volume  is  about  19,500  m-^. 
Settled  raw  sewage  and  surface  scum  are  removed  by  travelling-bridge  mechan- 
isms. Sludge  and  scum  removed  from  the  primary  clarifiers  is  pumped  to 
either  the  primary  digester  or  directly  to  the  belt   filter  presses. 

Biological  treatment  of  the  Duffin  Creek  WPCP  involves  aeration  of 
the  effluent  from  the  primary  clarifiers  for  6.4  hours.  Four  basins,  each 
containing  four  cells  (total  of  16  cells),  are  employed.  The  aeration  cells 
are  22.9  m  square  and  5.3  m  deep.  The  total  volume  available  for  aeration  is 
48,665  m-^.  Oxygen  transfer  is  accomplished  by  75  kW  mechanical  surface 
aerators. 
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TABLE  9.1  -  DESIGN  SUMMARY  -  OUFFIN  CREEK  WPCP 


DESIGN   CRITERIA 

DESIGN    VALUE 

OPERATING   LEVEl(I) 

General 

Flow        (m^/d) 

Average  Dai ly 

189,250 

97,530 

Peak 

473,125 

est   292,000(2) 

BOD5 

Concentration   (mg/L) 

240 

165 

Loading   (kg/d) 

- 

16,092 

TSS 

Concentration   (mg/L) 

270 

244 

Loading   (kg/d) 

- 

23,797 

Sewage  Collection  System 

100%  separate 

Primary  Clarification 

3.0 

5.8 

HRT    (hours) 

Average  Surface  Loading 
(m^/m^'d) 

35.9 

18.5 

Peak   Surface  Loading 

89.8 

55.4 

Aeration  System 

6.4 

12.4 

HRT    (hours) 

BOD5  Loading    [g/wr'-d) 

641 

337 

Maximum  Return  Sludge 
Rate   (%) 

100 

- 

Phosphorus  Removal 

Alum 

Chemical 

Average  Dosage   (mgAl/L) 

-   1984 

- 

3.4 

-   1985 

- 

3.6 

Secondary  Clarifiers 

5.14 

10.0 

HRT    (hours) 

Average  Surface  Loading 
(m^/m^-d) 

17.8 

9.2 

Peak   Surface  Loading 
(m^/m^'d) 

44.6 

27.5 

Chlorination 

5.0 

9.7 

HRT    (min)    (?  Average  Flow 

Notes:   ^^^  Information  shown  based  on  1981  -  1985  historical 
data  except  as  noted. 

^2)  Based  on  daily  flow  records  for  August  1986. 
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Alum  is  added  to  the  effluent  from  both  the  primary  clarifiers  and 
the  aeration  basins  for  phosphorus  removal.  About  10  to  20  percent  of  the 
total  alum  is  added  after  primary  clarification.  The  remainder  (80  to  90 
percent)  is  added  to  the  aeration  basins.  The  alum  is  metered  into  the 
wastewater  at  a  rate  of  about  8  L/min  (2.11  Igpm). 

Secondary  clarification  of  the  mixed  liquor  from  the  aeration  basin 
is  accomplished  in  eight  circular  basins,  each  41.1  m  in  diameter  and  3.7  m 
deep.  The  total  surface  area  and  volume  provided  by  the  secondary  clarifiers 
are  approximately  10,610  m^  and  39,270  m-^,  respectively.  Sludge  is  removed 
from  the  bottom  of  the  secondary  clarifiers  by  scrapers,  through  a  hopper  at 
the  centre  of  the  tank.  Four  1.7  m  screw  pumps,  each  with  a  capacity  of 
47,310  m-^/d,  return  the  activated  sludge  back  to  the  head  of  the  aeration 
tanks  or  waste  it  at  the  head  of  the  primary  tanks. 

Overflow  from  the  secondary  clarifiers  is  disinfected  via  chlorina- 
tion  for  5  min.  (at  average  daily  design  flow)  in  a  22.3  m  x  9.1  m  x  3.7  m 
contact  chamber.  The  chlorinated  effluent  is  discharged  to  Lake  Ontario 
through  a  3  m  diameter  outfall,  1.1  km  off  shore. 

Waste  sludge  from  the  primary  clarifiers  is  pumped  to  either  one  of 
two  primary  digesters  or  to  the  belt  filter  press  for  further  treatment. 

Sludge  treatment  prior  to  dewatering  is  accomplished  by  two-stage 
digestion.  Two  primary  and  two  secondary  digesters,  each  33.5  m  in  diameter, 
9.1  m  deep,  providing  807  m-^,  are  used.  The  primary  digesters  have  fixed 
steel  roofs,  while  the  secondary  digesters  are  equipped  with  floating  gas- 
holder covers. 

Six  belt  filter  presses,  each  with  1.0  m  belts,  are  used  to  dewater 
the  digested  and  waste  sludges.  The  dewatered  sludge  cake  is  transferred  to 
the  fluid  bed  incinerators  by  a  screw  conveyor  system. 

Supernatant  from  the  digesters  along  with  filtrate  from  the  belt 
presses  is  pumped  to  the  head  of  the  aeration  tanks.  Incinerated  sludge  ash 
is  hauled  to  landfill  sites  for  final  disposal. 

9.1.2     Historical  Performance 

Table  9.2  provides  a  summary  of  the  annual  performance  for  the 
Duffin  Creek  WPCP  for  1981  through  1985. 
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The  5-year  average  BOD5  effluent  concentration  was  15.7  mg/L;  how- 
ever, with  the  exception  of  1983,  the  annual  average  effluent  8OD5  level  was 
less  than  15  mg/L.  The  annual  average  effluent  TSS  concentrations  were  con- 
sistently above  15  mg/L,  except  in  1982.  The  5-year  average  effluent  TSS 
concentrations  was  calculated  to  be  17.5  mg/L.  The  level  of  total  phosphorus 
discharged  in  the  effluent  from  the  plant  has  also  been  typically  high. 
Average  annual  total  P  concentrations  in  the  effluent  have  exceeded  1  mg/L 
for  3  of  the  last  5  years.  The  5-year  average  effluent  total  phosphorus  con- 
centration was  1.30  mg/L.  Influent  for  the  past  5  years  has  been  of  rela- 
tively high  strength  (164.9  mg/L  BOD5,  244.2  mg/L  TSS,  and  7.08  mg/L  total 
phosphorus).  The  average  daily  flow  to  the  plant  for  the  1981  -  1985  period 
was  95,530  nr/6,   or  about  52%  of  the  design  capacity. 

Monthly  effluent  BOD5,  TSS  and  Total  P  concentrations  for  1984  and 
1985  are  presented  in  Table  9.3.  Effluent  BOD5  concentrations  exceeded  15 
mg/L  for  8  of  the  24  months,  with  the  maximum  level  being  22.0  mg/L  (June, 
1985).  TSS  in  effluent  from  the  plant  exceeded  15  mg/L  for  10  of  the  24 
months.  The  highest  monthly  average  effluent  TSS  concentration  observed 
between  1984  and  1985  was  34.0  mg/L  (April,  1984). 

Total  phosphorus  levels  in  effluent  from  the  Duffin  Creek  WPCP 
exceeded  1.0  mg/L  for  12  of  the  24  months.  The  highest  monthly  average 
effluent  total  P  concentration  was  1.4  mg/L,  observed  during  3  months  in  1985 
(January,  April  and  June). 

9.1.3     Sampling  Program 

The  Duffin  Creek  WPCP  was  sampled  on  twelve  days  between  August  5 
and  September  3,  1986.  Twenty-four  hour  composite  samples  of  raw  sewage 
(downstream  of  detritors)  and  primary  effluent  were  collected.  Twenty-four 
hour  flow  proportional  samples  of  effluent  from  the  secondary  clarifiers 
(prior  to  chlorination)  were  also  collected.  The  sampling  locations  for 
these  twenty-four  hour  samples  were  shown  in  Figure  9.1.  Both  the  east  and 
west  sides  of  the  plant  were  sampled  separately. 

In  addition,  grab  samples  of  mixed  liquor  and  return/waste  acti- 
vated sludge  were  collected  in  order  to  calculate  solids  retention  times 
(SRTs). 
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TABLE  9.3  -  MONTHLY  AVERAGE  PERFORMANCE  OF 
DUFFIN  CREEK  WPCP 


YEAR 

MONTH 

EFFLUENT  BOD5 
(mg/L) 

n 
BOD 

EFFLUENT  TSS 
(mg/L) 

n 
TSS 

EFFLUENT  TP 
(mg/L) 

n 
TP 

JAN. 

20.3 

16 

15.8 

28 

1.10 

21 

FEB. 

17.5 

12 

17.1 

22 

1.00 

18 

MAR. 

14.6 

12 

15.3 

22 

0.80 

13 

APR. 

20.6 

7 

34.0 

17 

1.20 

13 

MAY 

13.8 

9 

11.8 

18 

0.70 

10 

J  UN. 

9.5 

8 

17.0 

20 

0.90 

9 

1984 

JUL. 

12.8 

10 

13.7 

20 

0.90 

11 

AUG. 

11.5 

15 

17.5 

20 

1.20 

11 

SEP. 

8.2 

11 

10.6 

19 

0.90 

11 

OCT. 

9.6 

13 

12.3 

20 

0.90 

11 

NOV. 

9.1 

11 

11.5 

20 

1.10 

12 

DEC 

6.2 

5 

14.4 

15 

1.00 

6 

JAN. 

12.7 

8 

14.7 

8 

1.40 

9 

FEB. 

17.4 

10 

21.7 

17 

0.90 

7 

MAR. 

16.8 

9 

24.4 

17 

1.30 

8 

APR. 

18.6 

10 

18.7 

20 

1.40 

9 

MAY 

14.6 

10 

19.3 

21 

1.00 

11 

J  UN. 

22.0 

2 

14.4 

18 

1.40 

13 

1985 

JUL. 

6.8 

3 

10.2 

19 

0.50 

12 

AUG. 

11.9 

5 

13.2 

19 

0.80 

11 

SEP. 

4.3 

1 

12.5 

20 

1.00 

13 

OCT. 

12.0 

1 

12.4 

22 

0.80 

13 

NOV. 

20.0 

1 

12.8 

19 

0.80 

12 

DEC 

- 

- 

- 

n  -  Number  of  samples 
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9.2      Results  of  Sampling  Program 

Table  9.4  presents  a  compilation  of  plant  operating  data,  supported 
by  data  collected  by  CANVIRO,  for  the  month  long  sampling  period  at  the 
Duffin  Creek  WPCP. 

The  average  daily  flow  during  this  period  was  186,900  nr/d,  equiva- 
lent to  over  98%  of  the  average  design  capacity.  The  average  daily  flow 
observed  during  the  monitoring  period  was  approximately  25%  higher  than  the 
average  daily  flow  through  the  plant  during  1985  (149,870  m'^/d).  The  maximum 
flow  observed  during  the  monitoring  period  was  almost  292,000  m-^/d,  which  was 
observed  on  August  27;  total  rainfall  volume  for  that  day  was  high  (75.4 
mm).  All  flows  were  less  than  the  peak  capacity  for  the  plant  (473,125 
m3/d). 

The  biological  systems  for  both  the  east  and  west  sides  of  the 
plant  were  operated  in  a  relatively  stable  mode  by  constant  sludge  wasting. 
The  average  SRTs  for  the  west  and  east  sides  of  the  plant  were  3.5  days  and 
2.9  days,  respectively.  It  should  be  noted  that,  according  to  plant  person- 
nel, the  wasting  rate  shown  for  August  of  4094  m^/d  may  be  too  high. 

Alum  was  added  to  the  wastewater  at  a  constant  rate  of  11,250  L/d 
(5,525  L/d  to  each  side  of  the  plant).  Based  on  alum  samples  collected  dur- 
ing the  monitoring  period,  an  average  aluminum  content  of  43.4  g  Al/L  of  alum 
was  calculated.  The  chemical  dosage,  as  aluminum,  averaged  2.8  mg  Al/L,  and 
ranged  from  1.7  mg  Al/L  during  high  flows,  up  to  3.2  mg  Al/L  for  flows  less 
than  160,000  m^/d. 

Table  9.5  presents  the  results  of  the  sampling  program  undertaken 
at  the  Ouffin  Creek  WPCP.  Raw  sewage  quality  during  the  monitoring  period 
was  comparable  to  historical  influent  quality,  with  the  exception  of  BOD5 
(see  Table  8.2).  The  5-year  annual  average  BOD5  concentration  in  raw  sewage 
was  calculated  to  be  almost  165  mg/L.  BOD5  levels  in  raw  sewage  entering  the 
west  and  east  plants  during  the  monitoring  period  were  92.3  mg/L  and  103.4 
g/L,  respectively,  representing  a  decrease  of  about  60%  based  on  the  5-year 
ual  average.  Average  total  suspended  solids  concentrations  in  sewage 
influent  to  the  west  and  east  plants  were  222.7  mg/L  and  246.1  mg/L  respect- 
ively. Average  total  phosphorus  levels  were  6.24  mg/L  and  7.86  mg/L  in  raw 
sewage  entering  the  west  and  east  sides  of  the  plant,  respectively.  Average 
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soluble  phosphorus  concentrations  measured  in  the  raw  sewage  were  2.76  mg/L 
and  2.65  mg/L,  for  the  west  and  east  sides  of  the  plant,  respectively;  these 
represent  44%  and  36%  of  total  phosphorus  levels. 

Effluent  quality,  in  terms  of  BOD5  and  TSS,  during  the  monitoring 
period  appeared  to  be  high  in  comparison  to  the  historical  data  shown  in 
Tables  9.2  and  9.3.  Average  levels  of  BOD5  in  the  secondary  effluent  from 
both  sides  of  the  plant  were  less  than  6.3  mg/L;  the  highest  effluent  BOD5 
concentration  was  16.0  mg/L  recorded  on  August  27,  which  coincided  with  the 
large  rainfall  event.  Average  TSS  concentrations  in  secondary  effluent  were 
10.67  mg/L  and  13.42  mg/L  for  the  west  and  east  sides  of  the  plant,  respect- 
ively. The  highest  TSS  level  in  secondary  effluent  was  also  recorded  on 
August  27.  Average  total  phosphorus  levels  in  the  secondary  effluents 
exceeded  1.00  mg/L.  The  proportion  of  soluble  phosphorus  in  total  phosphorus 
increased  to  approximately  60%.  Probability  distributions  for  the  total  and 
soluble  components  of  phosphorus  in  raw  sewage,  primary  effluent  and  second- 
ary effluent  are  presented  in  Figure  9.2.  Total  phosphorus  removal  in  the 
east  primaries  was  only  20%,  of  which  35%  was  soluble.  The  average  total 
phosphorus  concentration  in  the  west  primaries  was  actually  higher  than  that 
in  the  raw  sewage. 

Chemical  precipitation  resulted  in  removal  of  84%  of  total  phos- 
phorus and  57%  of  soluble  phosphorus  in  secondary  clarifiers  on  the  west  side 
of  the  plant.  Total  soluble  phosphorus  removals  for  the  east  side  of  the 
plant,  after  chemical  addition,  were  75%  and  67%,  respectively. 

Key  operating  parameters  affecting  phosphorus  removal  at  the  Duffin 
Creek  WPCP  are  presented  in  Table  9.6. 

Loadings  to  the  secondary  clarifiers  are  relatively  low  (17.4 
m3/ni2.cl)  even  at  peak  flow  (22.4  m^/m^-d).  The  low  hydraulic  loading 
coupled  with  good  settleabi lity,  as  indicated  by  the  low  values  for  SVI  (see 
Table  8.4)  should  produce  low  suspended  solids  concentrations  in  the  second- 
ary effluent.  This  appears  to  be  true  for  the  west  side  of  the  plant,  for 
which  the  secondary  effluent  TSS  concentration  averaged  10.7  mg/L  (see  Table 
9.5).  For  the  east  side  of  the  plant,  the  average  TSS  concentration  in  the 
secondary  effluent  was  13.4  mg/L,  based  on  the  twelve  samples  analyzed. 
Further,  effluent  TSS  concentrations  exceeded  15  mg/L  with  greater  frequency 
on  the  east  side  of  the  plant  in  comparison  to  the  west  side.  As  shown  in 
Table  9.6,  although  the  influent  flow  to  the  plant  is  split  evenly  between 
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the  west  and  east  side,  the  concentrations  of  BOD5,  TSS,  Total  P  and  Soluble 
P  influent  to  the  east  side  were  higher  than  those  in  the  influent  to  the 
west  side;  the  higher  concentrations  resulted  in  relatively  higher  loadings 
to  the  east  side  of  the  plant. 

The  average  alum  dose  applied  appears  to  be  low  at  2.3  mg  Al/L. 
However,  a  molar  ratio  of  A1:P  for  the  west  side  of  the  plant  of  1.4:1  was 
adequate  to  achieve  75%  reduction,  based  on  literature  values.  As  shown  by 
the  average  soluble  phosphorus  concentrations  in  the  primary  and  secondary 
effluents  from  the  west  plant,  approximately  75%  of  the  soluble  P  was  removed 
(seed  Table  9.5). 

The  molar  ratio  of  AL:P  for  the  east  side  of  the  plant  was  rela- 
tively low  at  1.1:1,  which  was  lower  than  the  ratio  required  for  75%  reduc- 
tion (molar  ratio  1.38:1).  The  average  percent  reduction  in  soluble  P  be- 
tween the  east  primaries  and  secondaries  was  67%,  based  on  concentrations  of 
2.65  mg/L  and  0.87  mg/L,  respectively. 

9.5      Conclusions  of  Puffin  Creek  Monitoring  Program 

The  monitoring  program  conducted  at  the  Duff in  Creek  WPCP  confirmed 
historical  plant  performance.  Flows  to  the  plant  averaged  184,356  m^/d  dur- 
ing the  monitoring  period,  representing  an  increase  of  about  25%  over  the 
average  daily  flow  for  1985;  the  average  flow  observed  during  the  sampling 
program  was  98  percent  of  the  average  design  capacity  for  the  plant. 

Observed  influent  quality  was  comparable  to  historical  quality, 
with  the  exception  of  BOD5,  which  was  lower. 

Sampling  the  west  and  east  sides  of  the  plant  separately  showed 
that,  on  average,  pollutant  concentrations  in  the  influent  to  the  east  side 
were  higher  relative  to  the  west  side.  Since  equal  alum  dosages  are  applied 
to  each  side  of  the  plant,  the  proportion  of  aluminum  relative  to  phosphorus 
in  the  east  plant  is  too  low  to  support  adequate  phosphorus  reduction. 
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10.0  PORT  HOPE  WATER  POLLUTION  CONTROL  PLANT 

10.1  Plant  Description 

The  Port  Hope  WPCP  provides  wastewater  treatment  by  conventional 
and  high  rate  activated  sludge  processes  for  the  Town  of  Port  Hope.  The 
original  conventional  activated  sludge  plant  was  constructed  in  1956  and  was 
designed  to  handle  an  average  daily  flow  of  4,540  rn^/d  (1.0  MIGD).  The  newer 
plant  which  was  constructed  in  1972  is  a  completely  mixed,  high  rate  acti- 
vated sludge  plant.  The  high  rate  plant  is  a  Degremont  Oxyrapid  facility  and 
was  designed  to  process  4,540  m^/d  (1.0  MIGD).  Figure  10.1  presents  a  pro- 
cess flow  schematic  of  the  Port  Hope  treatment  facility.  Key  design  informa- 
tion  for  the  plant   is  presented   in  Table  10.1. 

Raw  sewage  enters  the  treatment  facility  through  an  inlet-overflow 
chamber  located  at  the  northwest  end  of  the  plant.  Wastewater  is  transferred 
via  gravity  through  a  Parshall  flume  (300  mm  or  12  inch,  throat)  via  a  600  mm 
(24  inch)  diameter  sewer.  The  peak  capacity  of  the  sewer  is  25,900  m-^/d  (5.7 
MIGD).  Flow  can  by-pass  the  plant  via  a  high-level  bypass  weir  situated  in 
the  inlet-overflow  chamber;  the  capacity  of  the  bypass  sewer  is  19,295  m^/d 
(4.3  MIGD). 

The  influent  raw  sewage  then  passes  into  an  aerated  grit  chamber, 
measuring  3.7m  x  3.3m  x  3.0m.  Effluent  from  the  grit  chamber  flows  through  a 
comminutor,  which  is  used  to  break  up  coarse  material.  After  preliminary 
treatment,  the  flow  is  split  between  the  conventional  activated  sludge  plant 
and   the   high-rate   plant. 

Conventional   Activated  Sludge   (CAS)    Plant 

Treatment  through  the  CAS  plant  consists  of  primary  clarification, 
aeration  and  secondary  settling. 

Two  primary  clarifiers,  each  measuring  13.0m  x  4.9m  x  4.0m,  provide 
a  total  surface  area  of  127.4  m^  for  primary  sedimentation.  Settled  primary 
sludge  is  transferred  to  the  inlet  end  of  the  tank  by  chain  and  flight  mech- 
anisms. The  sludge  is  pumped  to  the  anaerobic  digester  by  two  2.2  kW  (3  HP) 
sludge  pumps.  Surface  scum  is  collected  in  troughs  and  removed  manually  for 
burial    on-site. 
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TABLE  10.1.   DESIGN  SUMMARY  -  PORT  HOPE  WPCP 


DESIGN  CRITERIA 

DESIGN  VALUE 

OPERATING  LEVEL^^^ 

General 

9,080 
20,430 

8,010 
23,735(2) 

Flow  (m^/d)  Average  Daily 
Peak 

BOD5   Concentration  (mg/L) 
Loading  (kg/d) 

225(3) 

93 
745 

TSS    Concentration  (mg/L) 
Loading  (kg/d) 

- 

78 
625 

Sewage  Collection  System 

100%  Separate 

Primary  Clarification 

2.0 

2.3 

HRT  (hours) 

Average  Surface  Loading 
(m3/m2.d) 

36.0 

31.7 

Peak  Surface  Loading 
(m3/m2-d) 

72.0 

83.6 

Aeration  System 

8.0 

9.1 

CAS:  HRT  (hours) 

High  Rate:  HRT  (hours) 

3.3 

3.7 

Phosphorus  Removal 

Alum 

Chemical 

Average  Dosage  (mg  Al/L)  1985 

3.0 

Secondary  Clarifiers 

3.0 

3,4 

CAS:  HRT  (hours) 

Average  Surface  Loading 
(m^/m^'d) 

29.4 

25.9 

Peak  Surface  Loading 
(m^/m2-d) 

58.8 

68.3 

High  Rate: 

HRT  (hours) 

3.2 

3.6 

Average  Surface  Loading 
(m^/m^.d) 

17.1 

19,4 

Peak  Surface  Loading 
(m3/m2.d) 

38.5 

44.7 

Chlorination 

30 

34 

HRT  (min)  C^  Average  Flow 

Notes:   (1)  Based  on  1981-1985  historical  data. 

(2)  Based  on  average  peak  flow  for  November 

(3)  Taken  from  design  report  for  CAS  plant. 

(4)  Applies  to  CAS  plant  only. 


1985, 
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Two  aeration  basins  are  used  to  biologically  treat  the  wastewater. 
Each  basin  measures  38. Om  x  5.5m  x  4.0m  and  consists  of  four  cells  which  are 
operated  in  series.  Effluent  from  the  primary  clarifiers  is  aerated  for  8.0 
hours  (at  average  daily  design  flow)  by  submerged  diffusers.  Air  is  supplied 
to  the  tanks  by  two  150  kW  (200  HP)  blowers. 

Alum  is  metered  into  the  aeration  basins.  The  alum  is  stored  in  a 
27.2  m2  (6,000  gal)  storage  tank  and  is  applied  to  the  wastewater  by  a  single 
chemical  feed  pump. 

Secondary  clarification  of  the  mixed  liquor  from  the  aeration 
basins  is  accomplished  in  two  final  settling  tanks,  each  15.9m  x  4.9m  x 
3.7m.  The  surface  area  and  volume  of  the  secondary  clarifiers  are  156  m^  and 
577  m^,  respectively.  Settled  sludge  is  collected  by  a  chain  and  flight 
mechanism  and  is  pumped  back  to  either  the  aeration  basins  for  primary 
tanks.  Overflow  from  the  secondary  clarifiers  is  transferred  to  the  chlorine 
contact  chamber  via  a  600  mm  (20  inch)  diameter  pipe. 

Sludge  treatment  prior  to  disposal  involves  single  stage  anaerobic 
digestion.  The  digester  capacity  is  approximately  1,120  m^.  Digested  sludge 
is  removed  monthly  by  two  plunger-type  sludge  pumps  and  trucked  off-site  for 
disposal . 

High  Rate  Plant 

The  high  rate  plant  consists  of  aeration,  settling  and  aerobic 
digestion  of  waste  activated  sludge. 

Raw  sewage  enters  the  aeration  section  after  preliminary  treat- 
ment. The  wastewater  is  aerated  by  a  150  kW  (200  HP)  blower  for  approxi- 
mately 3.3  hours  (at  average  design  flow).  The  total  volume  of  the  aeration 
section  is  320  m^  and  measures  32.3m  x  2.4m  x  4.1m.  Activated  sludge  pro- 
duced in  the  aeration  section  is  allowed  to  settle  out  in  the  settling  zones 
adjacent  to  the  aeration  section  (see  Figure  10.1).  From  there,  it  is  re- 
cycled back  to  the  aeration  section  via  recirculating  chimneys.  Submerged 
diffusers  are  used  to  aerate  the  mixed  liquor.  The  total  capacity  of  the  two 
settling  zones  is  600  m^,  with  each  zone  measuring  32.3ni  x  2.3m   x  4.1m. 

Alum  is  applied  to  the  influent  wastewater  in  the  aeration  section 
by  a  single  chemical  feed  pump,  which  is  set  manually. 
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Effluent  from  the  settling  zones  is  transferred  to  the  chlorine 
contact  chamber  via  a  450  mm  diameter  pipe.  Sludge  from  the  bottoms  of  the 
aeration  section  and  settling  zones  is  air  lifted  to  one  of  two  primary  aero- 
bic digesters,  located  on  either  side  of  the  high  rate  plant.  Total  sludge 
detention  time  in  both  the  primary  and  secondary  digesters  is  30  days. 
Supernatant  from  the  secondary  digesters  is  recycled  back  to  the  aeration 
section  of  the  plant.  Sludge  is  transported  to  the  sludge  drying  lagoon 
prior  to   final    disposal    at   a   landfill    site. 

Effluents  from  the  conventional  activated  sludge  and  high  rate 
plants  is  disinfected  with  chlorine  gas  in  a  10.2m  x  7.9m  x  2.4m  contact 
chamber.     Chlorine  dosage  is  automatic  and  in  proportion  to  influent   flow. 

10.2  Historical  Performance 

Table  10.2  provides  a  summary  of  the  annual  performance  of  the  Port 
Hope  WPCP  for  1981  through  1985. 

As  shown  in  Table  10.2,  the  Port  Hope  treatment  facility  typically 
discharges  a  high  quality  effluent.  The  five-year  average  effluent  concen- 
trations for  BOD5,  TSS  and  total  phosphorus  were  5.5  mg/L,  5.8  mg/L  and  0.64 
mg/L,  respectively,  which  are  well  below  Ministry  of  the  Environment  effluent 
guidelines.  The  influent  concentrations  indicate  that  the  plant  typically 
receives  a  low  strength  wastewater.  The  average  daily  flow  to  the  plant 
based  on  averages  for  the  past  five  years,  was  8,010  m^/d,  equivalent  to 
almost  90%  of  the  average  daily  design  capacity.  Monthly  effluent  quality 
data  for  1984  and  1985  (BOD5,  TSS,  total  P)  are  presented  in  Table  10.3. 
Effluent  BOD5  levels  have  been  consistently  below  MOE  guidelines.  Effluent 
concentrations  of  TSS  and  total  P  were  also  low.  The  total  suspended  solids 
content  of  the  final  effluent  never  exceeded  10.0  mg/L.  The  highest  monthly 
average  total  phosphorus  level  was  0.79  mg/L  (February  1985). 

10.3  Sampling  Program 

The  Port  Hope  WPCP  was  sampled  on  twelve  days  between  September  30 
and  October  22,  1986.  Twenty-four  hour  composite  samples  of  raw  sewage  (up- 
stream of  the  aerated  grit  chamber)  and  primary  effluent  from  the  conven- 
tional activated  sludge  plant  were  collected.  Twenty-four  hour  flow  propor- 
tional samples  of  effluent  from  the  secondary  clarifiers  (CAS  plant)  and 
settling  zone  (high  rate  plant)  were  also  collected.  The  sampling  locations 


•137- 


LlJ  -— 

□£   -J   lO 

.—1 

'T 

«3- 

<:  «t  X) 

O 

^ 

J^ 

CM 

30 

^ 

-o 

uj  ai    1 

• 

• 

• 

• 

• 

• 

• 

>-    UJ   —1 

30 

CM 

iT) 

30 

-T) 

ro 

o 

>  00 

^^ 

lo  <:  >— 

' 

o> 

n 

X) 

30 

lT) 

J^ 

o 

— ' 

^3- 

:T> 

iT) 

CT> 

o 

>o 

rv. 

Lf) 

^ 

o 

J^ 

30 

>o 

ro 

XI 

m 

«3- 

«3- 

o 

r-^ 

o 

lD 

X) 

CM 

iT) 

in 

J1 

ro 

o 

o> 

<~o 

a; 

CM 

CM 

^ 

ro 

^ 

r^^ 

o 

.-H 

Lf) 

CM 

uf) 

<c 

X) 

• 

• 

• 

• 

• 

a^ 

r-- 

F— 4 

30 

.-^ 

«3- 

•a- 

3 

UJ 

CM 

'^ 

>- 

^ 

3 

O 

CM 

-O 

CO 

o 

ro 

ro 

CM 

O 

X) 

• 

• 

• 

• 

• 

• 

• 

a^ 

~o 

^ 

«3- 

3^ 

-o 

^ 

^-< 

-O 

30 

VC 

o 

Lfl 

,_4 

,-^ 

■D 

^^ 

o 

C3 

— ^ 

lD 

30 

• 

• 

■ 

• 

• 

CT. 

30 

"■^ 

«3- 

rsj 

r»«- 

'T 

3 

o 

■o 

ro 

c 

_l 

_l 

n 

^^ 

•^^ 

O 

^— ^ 

^-^ 

cn 

31 

_l 

_l 

^— ^ 

■ — * 

E 

E 

ai 

— ^ 

■ — ^ 

-^ 

_J 

_J 

'— ' 

^-^ 

UJ 

■^ 

C7> 

■"'^ 

^-^ 

t— 

X 

E 

E 

o^ 

a> 

4-1 

«-> 

UJ 

o 

E 

E 

c 

c 

£ 

■ — ' 

<u 

OJ 

< 

U- 

*J 

4-> 

3 

3 

QC 

c 

c 

4-> 

4-> 

^~ 

'~~ 

<c 

>) 

K 

OJ 

c 

c 

>♦- 

<«- 

Q- 

3 

3 

OJ 

OJ 

c 

*^ 

-#- 

^— 

. — 

33 

3 

•— • 

UJ 

TJ 

t«_ 

«^ 

— 

^— 

Q 

C 

'«_ 

*^ 

«^- 

1 

• 

K^ 

UJ 

C 

I*— 

Ol 

— • 

UJ 

a. 

Q. 

O) 

1 

1 

-O 

1 

1 

*— 

^ 

l_ 

ir> 

cO 

ra 

•^ 

Ol 

Q 

o 

lyO 

UO 

4-> 

•fcj 

> 

O 

o 

OO 

OO 

o 

O 

<: 

CO 

CO 

*"~ 

" 

-138- 


TABLE    10.3.      MONTHLY   AVERAGE    PERFORMANCE   OF   PORT   HOPE  WPCP 


YEAR 

MONTH 

EFFLUENT  CONCENTRATIONS 

BOD5 

TSS 

TOTAL  f 

5 

(mg/L) 

(n) 

(mg/L) 

(n) 

(mg/L) 

(n) 

1984 

Jan. 

12.0 

5 

2.1 

1 

0.26 

1 

Feb. 

9.1 

4 

4.3 

1 

0.28 

1 

Mar, 

8.1 

6 

6.3 

1 

0.36 

1 

Apr. 

6.9 

5 

6.3 

1 

0.32 

1 

May 

5.0 

5 

5.0 

4 

0.71 

4 

Jun. 

1.5 

4 

3.8 

4 

0.71 

4 

Jul. 

1.9 

4 

10.0 

4 

0.67 

4 

Aug. 

5.5 

4 

4.0 

4 

0.74 

4 

Sep. 

1.1 

2 

5.1 

2 

0.50 

2 

Oct. 

1.9 

6 

5.9 

6 

0.64 

6 

Nov. 

7.5 

4 

7.0 

4 

0.41 

4 

Dec. 

4.5 

3 

8.3 

3 

0.76 

3 

1985 

Jan. 

5.4 

4 

5.6 

4 

0.76 

4 

Feb. 

4.7 

4 

6.7 

4 

0.79 

4 

Mar. 

8.0 

5 

5.3 

6 

0.48 

6 

Apr. 

5.9 

5 

5.5 

5 

0.60 

5 

May 

3.1 

6 

4.4 

6 

0.68 

6 

Jun. 

3.5 

5 

5.5 

5 

0.44 

5 

Jul. 

3.5 

5 

4.1 

5 

0.36 

5 

Aug. 

3.1 

6 

4.4 

6 

0.37 

6 

Sep. 

1.7 

5 

4,3 

5 

0.56 

5 

Oct. 

- 

- 

- 

- 

- 

- 

Nov. 

10.6 

4 

6.1 

5 

0.62 

5 

Dec. 

16.1 

3 

7.7 

3 

0.51 

3 

n   =  Number  of  samples 
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for  these  twenty-four  hour  samples  were  shown  in  Figure  10.1.  In  addition, 
samples  of  mixed  liquor  and  return/waste  activated  sludge  were  also  collec- 
ted. 

10.4     Results  of  Sampling  Program 

Table  10.4  presents  a  compilation  of  plant  operating  data,  supple- 
mented by  CANVIRO  data,  for  the  monitoring  period. 

The  average  daily  flow  during  the  monitoring  period  was  9,635  m^/d, 
which  is  slightly  above  the  average  daily  design  capacity  for  the  plant.  The 
average  flow  observed  during  the  monitoring  period  was  higher  than  the  five- 
year  average,  but  was  consistent  with  the  trend  shown  by  the  annual  average 
flowrates  from  1982  through  1986.  The  maximum  flow  observed  during  the  moni- 
toring period  was  just  over  21,600  m^/d,  which  is  also  higher  than  the  peak 
design  capacity. 

During  the  sampling  period,  all  available  tankage  was  used  for 
sludge  storage.  As  a  result,  activated  sludge  recycling  and  wasting  were 
minimal;  no  SRTs  were  calculated  for  either  biological  system.  However, 
SVIs,  obtained  from  plant  operating  records,  indicated  that  sludge  settling 
properties  were  acceptable  (SVI  <120). 

Alum  addition  varied  from  day-to-day,  with  the  average  voljme 
applied  being  640  L,  equivalent  to  a  dosage  of  2.4  mg  Al/L,  based  on  an 
aluminum  concentration  of  31.8  g/L  in  the  alum.  The  quantity  of  alum  applied 
ranged  from  556  L  up  to  926  L,  which  resulted  in  dosages  between  0.8  and  3.2 
mg/L  as  Al ,  respectively. 

The  results  of  the  monitoring  program  are  presented  in  Table  10.5. 

Raw  sewage  strength  during  the  monitoring  period  was  much  lower 
than  previously  observed  (see  Table  10.2),  with  the  exception  of  total  phos- 
phorus. The  average  BOD5  and  TSS  concentrations  recorded  during  the  moni- 
toring period  were  25.5  mg/L  and  47.0  mg/L,  respectively.  The  previous  five- 
year  annual  average  BOD5  concentration  was  92.9  mg/L  and  the  5-year  annual 
average  TSS  concentration  was  78.2  mg/L.  The  average  BOD5  and  TSS  levels 
observed  during  the  monitoring  period  represent  decreases  of  73  percent  and 
40  percent,  respectively,  compared  to  the  five-year  averages  shown  in  Table 
10.2.  The  total  phosphorus  concentration  in  the  raw  sewage  averaged  2.94 
mg/L  of  which  the  soluble  fraction  accounted  for  67  percent.   The  five-year 
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TABLE  10.5.   SUMMARY  OF  PERFORMANCE  MONITORING  DATA  FOR  PORT  HOPE  WPCP 


CONCENTRATION   fma/L)                     1 

DATE 

STREAM 

BOD5 

TSS 

TOTAL   P 

SOLUBLE   P 

30/09 

Raw 

40.0 

90.0 

2.76 

1.40 

Primary  Eff. 

- 

- 

4.40 

2.35 

Secondary  Eff. 

-  Old 

3.0 

30.0 

1.22 

<0.28 

-  New 

3.0 

30.0 

0.62 

0.30 

01/10 

Raw 

2.5 

12.0 

1.33 

1.13 

Primary  Eff. 

- 

- 

7.33 

1.05 

Secondary  Eff. 

-  Old 

1.1 

2.0 

<0.21 

<0.21 

-  New 

1.0 

4.0 

0.39 

0.39 

02/10 

Raw 

3.0 

10.0 

1.96 

1.51 

Primary  Eff. 

- 

- 

2.40 

1.20 

Secondary  Eff. 

-  Old 

1.0 

2.0 

<0.20 

<0.20 

-  New 

1.8 

10.0 

0.80 

0.35 

06/10 

Raw 

13.0 

40.0 

2.26 

1.59 

Primary  Eff. 

- 

- 

1.70 

1.28 

Secondary  Eff. 

-  Old 

1.4 

3.0 

<0.26 

<0.20 

-  New 

2.0 

4.0 

0.61 

0.47 

07/10 

Raw 

23.0 

24.0 

2.78 

1.87 

Primary  Eff. 

- 

4.40 

1.75 

Secondary  Eff. 

-  Old 

1.5 

1.0 

<0.20 

<0.25 

-  New 

2.2 

2.0 

0.60 

0.48 

08/10 

Raw 

19.0 

30.0 

3.30 

2.44 

Primary  Eff. 

- 

- 

2.00 

1.83 

Secondary  Eff. 

-  Old 

1.0 

3.0 

<0.45 

<0,23 

-  New 

1.3 

3.0 

0.70 

0.38 

09/10 

Raw 

26.0 

60.0 

2.77 

2.00 

Primary   Eff. 

- 

- 

2.90 

1.97 

Secondary  Eff. 

-  Old 

1.0 

2.0 

<0.45 

<0.23 

-  New 

21.2 

12.0 

1.00 

0.50 

15/10 

Raw 

21.0 

70.0 

3.00 

2.40 

Primary  Eff. 

- 

- 

1.95 

1.60 

Secondary  Eff. 

-  Old 

1.2 

2.0 

<0.30 

<0.57 

-  New 

- 

- 

2.20 

- 

16/10 

Raw 

15.0 

52.0 

3.10 

1.85 

Primary  Eff. 

- 

- 

4.00 

1.40 

Secondary  Eff. 

-  Old 

1.0 

1.0 

0.64 

<0.45 

-  New 

- 

- 

1.29 

- 

20/10 

Raw 

50.0 

67.0 

4.50 

2.70 

Primary  Eff. 

- 

- 

2.43 

1.93 

Secondary  Eff. 

-  Old 

3.0 

6.0 

0.55 

<0.28 

-  New 

5.0 

4.0 

2.72 

0.80 

21/10 

Raw 

42.0 

45.0 

3.90 

2.53 

Primary  Eff. 

- 

- 

2.93 

2.20 

Secondary  Eff. 

-  Old 

4.0 

6.0 

<0.30 

<0.33 

-  New 

3.0 

2.0 

0.99 

0.56 

22/10 

Raw 

26.0 

64.0 

3.56 

2.87 

Primary   Eff. 

- 

- 

2.88 

2.20 

Secondary   Eff. 

-  Old 

1.1 

3.0 

<0.30 

<0.30 

-  New 

2.0 

4.0 

1.13 

1.08 

Averages 

Raw 

25.5 

47.0 

2.94 

1.96 

Primary  Eff. 

- 

- 

3.28 

1.64 

Secondary  Eff. 

-  Old 

1.7 

5.1 

<0.42 

<0.29 

-  New 

4.3 

7.5 

1.31 

0.53 
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annual  average  total  phosphorus  level  was  3.54  mg/L.  High  rainfall  during 
the  monitoring  period  undoubtedly  contributed  to  the  lower  wastewater 
strength  measured. 

Effluent  quality  observed  during  the  monitoring  period  confirmed 
the  historical  pattern  of  superior  plant  performance.  Average  effluent  BOD5 
from  the  conventional  activated  sludge  plant  was  1.7  mg/L  and  from  the  high 
rate  plant  was  4.3  mg/L,  for  an  overall  average  of  3.0  mg/L.  Total  suspended 
solids  concentrations  in  the  effluents  from  the  CAS  and  high  rate  plants  were 
5.1  mg/L  and  7.5  mg/L,  respectively.  The  combined  overall  average  TSS  level 
in  effluent  from  the  plant,  prior  to  chlorination  was  6.3  mg/L.  Total  phos- 
phorus concentrations  were  <0.42  mg/L  and  1.31  mg/L  for  the  CAS  and  high  rate 
plants,  respectively;  the  overall  average  was  <0.87  mg/L.  Soluble  phosphorus 
average  <0.29  mg/L  for  the  CAS  plant  and  0.53  mg/L  for  the  high  rate  plant. 
Probability  distributions  for  total  and  soluble  phosphorus  are  shown  in 
Figure  10.2  and  10.3. 

Key  operating  parameters  affecting  phosphorus  removal  at  the  Port 
Hope  WPCP  are  presented  in  Table  10.6.  Secondary  clarifier  loadings  to  both 
the  conventional  and  high  rate  plant  were  relatively  low,  averaging  31.2  m^/ 
m^'d  for  the  former  and  18.1  m-^/m^-d  for  the  latter.  The  low  hydraulic 
loading  coupled  with  good  sludge  settleabi 1 i ty  produced  low  effluent  TSS  con- 
centrations. 

Soluble  phosphorus  in  the  primary  effluent  from  the  CAS  plant  was, 
on  average,  1.73  mg/L.  The  high  rate  plant,  which  does  not  have  primary 
clarification,  received  an  average  soluble  phosphorus  concentration  of  2.02 
mg/L  (from  raw  sewage).  Since  alum  dosages  to  each  plant  were  approximately 
equal,  the  ratio  of  aluminum  to  soluble  phosphorus  (A1:P)  was  higher,  on 
average,  for  the  conventional  plant  (at  >1.6  molar  ratio),  than  for  the  high 
rate  plant  (at  1.3  molar  ratio).  As  a  result  of  this,  the  soluble  phosphorus 
in  the  effluent  from  the  high  rate  plant  was  typically  higher  (average  0.53 
mg/L)  than  for  the  CAS  plant  (average  <0.29  mg/L).  The  effluent  total  phos- 
phorus was  also  higher  for  the  high  rate  plant  (average  1.31  mg/L)  than  for 
the  CAS  plant  (average  <0.42  mg/L).  Since  particulate  phosphorus  was  gener- 
ally low  for  both  plants  due  to  good  suspended  solids  removal,  the  discrepan- 
cies in  total  phosphorus  removal  between  the  plants  can  be  attributed  to  the 
different  aluminum  to  phosphorus  ratios. 
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10.5     Conclusions  of  Port  Hope  WPCP  Monitoring  Program 

The  monitoring  program  conducted  at  the  Port  Hope  WPCP  confirmed 
historical  plant  performance.  Flows  to  the  plant  average  9,635  m-^/d  during 
the  monitoring  period,  representing  less  than  a  0.5  percent  increase  over  the 
average  flow  for  1985  and  almost  5  percent  above  the  average  design  capacity 
for  the  plant.  Influent  strength  was  much  lower  than  historically  observed, 
with  the  exception  of  total  phosphorus,  which  was  only  slightly  lower. 

Separate  sampling  of  effluent  from  the  conventional  activated 
sludge  plant  and  the  high  rate  plant  showed  the  conventional  plant  was,  on 
average,  producing  a  better  quality  effluent  than  the  high  rate  plant. 

Total  phosphorus  concentrations  in  secondary  effluent  discharged 
from  the  CAS  and  high  rate  plants  were  <0.42  mg/L  and  1.31  mg/L,  respective- 
ly. Corresponding  soluble  phosphorus  concentrations  were  <0.29  mg/L  and  0.53 
mg/L.  Overall  average  total  and  soluble  phosphorus  levels  in  combined  efflu- 
ent were  <0.87  mg/L  and  <0.4r  mg/L.  Low  effluent  soluble  phosphorus  levels 
reflect  the  high  average  aluminum  dosage  of  2.40  mg/L.  The  average  Al:Sol.P 
(primary  effluent)  for  the  CAS  plant  was  >1.6:1  (molar)  which  would  ensure 
high  phosphorus  reduction.  However,  for  the  high  rate  plant,  the  AlrSol.P 
(raw  sewage)  was  1.3:1,  which  is  the  suggested  lower  limit  for  removal  of  75% 
of  influent  phosphorus. 
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11.0  TRENTON  HATER  POLLUTION  COHTROL  PLANT 

11.1  Plant  Description 

The  Trenton  WPCP  is  a  conventional  activated  sludge  plant,  located 
on  the  Bay  of  Quinte  and  operated  by  the  Ontario  Ministry  of  the  Environ- 
ment. The  plant,  which  currently  serves  a  population  of  over  15,300,  has  an 
average  daily  flow  capacity  of  15,911  m^/d  (3.5  MIGD)  and  a  peak  hydraulic 
capacity  of  71,600  m^/d  (15.8  MIGD),  which  is  equivalent  to  4.5  times  the 
average  design  flow.  Figure  11.1  presents  a  process  flow  schematic  of  the 
Trenton  WPCP.  Although  not  shown  in  the  schematic  diagram,  the  Trenton  WPCP 
is  actually  a  two-tier  plant  in  which  the  primary  clarifiers  and  aeration 
basins  are  on  an  upper  level  and  the  secondary  clarifiers  and  chlorination 
contact  channel  are  at  ground  level.  Key  design  information  for  the  plant  is 
provided  in  Table  11.1. 

Raw  sewage  enters  the  treatment  facility  through  a  0.60  m  (24  inch) 
diameter  forcemain  which  pipes  the  wastewater  directly  into  a  15.5  m  x  4.8  m 
X  3.4  m  aerated  grit  tank.  Two  54.3  L/s  positive  displacement  blowers  force 
air  into  the  sewage,  which  is  held  in  the  tank  for  23  minutes  at  average 
flow.  From  the  aerated  grit  tank,  the  sewage  passes  through  two  0.91  m  bar- 
minutors,  used  to  break  up  coarse  material. 

After  preliminary  treatment,  the  wastewater  flows  into  either  of 
two  primary  clarifiers,  each  measuring  15.5  m  x  9.8  m  x  3.7  m.  A  total  sur- 
face area  of  304  m^  is  provided  for  primary  sedimentation.  The  total  primary 
clarifier  volume  is  1124  m^.  Settled  raw  sludge  is  collected  by  chain  flight 
longitudinal  and  cross  collectors.  Three  plunger-type  raw  sludge  transfer 
pumps,  each  rated  at  7.57  L/s  at  24.4  m  TDH,  transfer  the  primary  sludge  to 
the  primary  digester.  Collector  flights  at  the  surface  of  each  tank  are  used 
to  remove  scum,  which  is  also  pumped  to  the  primary  digester  by  two  torque 
flow  scum  pumps,  each  rated  at  3.8  L/s  at  18.3  m  TDH. 

Biological  treatment  at  the  Trenton  WPCP  involves  aeration  of  the 
effluent  from  the  primary  clarifiers  for  4.2  hours  (at  average  design  flow). 
Two  rectangular  basins,  each  40.2  m  x  8.0  m  x  4.6  m,  provide  a  total  volume 
of  2959  m3  for  aeration.  Oxygen  transfer  is  facilitated  by  four  149.1  kW 
blowers. 
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TABLE  11.1.   DESIGN  SUMMARY  -  TRENTON  WPCP 


DESIGN  CRITERIA 

DESIGN  VALUE 

(1) 
OPERATING  LEVEL 

General 

15,911 
71,600 

250 
300 
100%  Separate 

10,460 
40,330^^^ 

180 
1,883 

166 
1,736 

Flow  (m^/d)    Average  Daily 
Peak 

BOD5    Concentration  (mg/L) 
Loading  (kg/d) 

TSS     Concentration  (mg/L) 
Loading  (kg/d) 

Sewage  Collection  System 

Primary  Clarification 

1.7 

34.2 

153.9 

2.6 
22.5 
86.7 

HRT  (hrs) 

Average  Surface  Loading  (m-^/m^.d) 

Peak  Surface  Loading  (m^/m^.d) 

Aeration  System 

4.2 

30 

6.4 

HRT  (hrs) 

Return  Sludge  Rate  {!) 

Phosphorus  Removal 

Ferrous  Chloride, 
FeCl2 

16.0 
10.4 

Chemical 

Average  Dosage  (mg  Fe/L)  1984 

1985 

Secondary  Clarification 

4.5 

39.1 
175.9 

6.8 

25.7 

134.7 

HRT  (hrs) 

Average  Surface  Loading  (m^/m^.d) 

Peak  Surface  Loading  (m^/m^.d) 

Chlorination 

87 

132 

HRT  (min)  0  Average  Flow 

Notes:   (1)  Information  based  on  1981- 
(2)  Based  on  flow  recorded  in 


1985  historical  data,  except  as  noted, 
April  1984. 
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Ferrous  chloride  is  metered  to  the  effluent  from  the  aeration  bas- 
ins. Flocculation  basins  upstream  of  the  secondary  clarifiers  allow  the  fer- 
rous chloride  to  mix  with  the  mixed  liquor. 

Secondary  clarification  of  the  mixed  liquor  from  the  aeration  bas- 
ins is  accomplished  in  two  rectangular  tanks,  each  41.4  m  x  9.8  m  x  3.7  m. 
The  surface  area  and  volume  provided  by  the  secondary  clarifiers  are  approxi- 
mately 811  m^  and  3002  m-^,  respectively.  Sludge  is  removed  from  the  bottom 
of  the  secondary  clarifiers  by  chain  flight  longitudinal  and  cross  collec- 
tors. Two  horizontal  non-clog  pumps,  each  rated  at  184  L/s  at  17.7  m  TDH, 
are  used  to  remove  the  activated  sludge  from  the  tanks. 

Overflow  from  the  secondary  clarifiers  is  disinfected  by  gas  chlor- 
ination  for  87  minutes  (at  average  design  flow).  A  travelling  bridge  on  the 
first  pass  of  the  contact  chamber  is  used  to  remove  bottom  sludge  and  surface 
scum,  which  are  pumped  to  the  digesters  by  two  torque  flow  pumps  (each  rated 
at  5.8  L/s  at  24.4  m  TDH). 

Sludge  treatment  prior  to  disposal  involves  two-stage  anaerobic 
digestion.  Gas  produced  during  sludge  digestion  is  used  not  only  to  maintain 
a  constant  temperature  in  the  digesters,  but  is  also  used  as  a  fuel  to  heat 
the  plant  buildings.  Digested  sludge  is  disposed  of  in  a  sanitary  landfill. 

11.2     Historical  Performance 

Table  11.2  provides  a  summary  of  the  annual  performance  of  the 
Trenton  WPCP  for  1981  through  1985. 

As  shown  in  Table  11.2,  the  plant  typically  discharges  a  high  qual- 
ity effluent.  The  five-year  average  effluent  concentrations  for  BOD5,  sus- 
pended solids  and  total  phosphorous  were  12.6  mg/L,  11.7  mg/L  and  0.78  mg/L, 
respectively,  which  are  all  below  the  Ontario  Ministry  of  the  Environment 
guidelines  of  25  mg/L,  25  mg/L  and  1  mg/L,  respectively.  The  average  influ- 
ent concentrations  shown  in  Table  11.2  indicate  that  the  plant  typically  re- 
ceives a  medium  strength  wastewater.  The  average  daily  flow  to  the  plant, 
based  on  daily  averages  for  the  past  five  years  was  10,460  (m^/d),  equivalent 
to  66%  of  the  average  design  capacity. 
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Monthly  effluent  quality  data  for  1984  and  1985  (BOD5,  total  sus- 
pended solids  and  total  phosphorus)  are  presented  in  Table  11.3.  With  the 
exception  of  December  1984,  total  phosphorus  concentrations  in  the  effluent 
from  the  plant  have  been  consistently  less  than  1.0  mg/L.  The  plant  also  has 
a  site  specific  effluent  phosphorus  requirement  of  0.5  mg/L  for  May  to  Oct- 
ober. This  limit  was  exceeded  for  three  of  the  six  months  in  1984  and  five 
of  the  six  months  in  1985.  Effluent  suspended  solids  concentrations  exceeded 
15  mg/L  for  6  of  the  24  months,  with  the  maximum  level  discharged  in  November 
1985.  BOD5  in  the  effluent  from  the  Trenton  WPCP  appears  subject  to  varia- 
tion with  minimum  and  maximum  monthly  averages  of  3.2  mg/L  and  24.0  mg/L, 
respectively  (observed  for  July  1985  and  January  1984). 

11.3  Sampling  Program 

The  Trenton  WPCP  was  sampled  on  twelve  days  between  September  24 
and  October  16,  1986.  Twenty-four  hour  composite  samples  of  raw  sewage  (up- 
stream of  the  aerated  grit  tank)  and  primary  effluent  were  collected. 
Twenty-four  hour  flow  proportional  samples  of  effluent  from  the  secondary 
clarifiers  (prior  to  chlorination)  were  also  collected.  The  sampling  loca- 
tions for  these  twenty-four  hour  samples  were  shown  in  Figure  11.1.  In  addi- 
tion, grab  samples  of  mixed  liquor  from  the  aeration  tanks  and  return/waste 
activated  sludge  were  collected  in  order  to  calculate  solids  retention  times 
(SRTs). 

11.4  Results  of  Sampling  Program 

Table  11.4  presents  a  compilation  of  plant  operating  data,  suppor- 
ted  by  CANVIRO  data   for  the  month   long   sampling   period   at  the  Trenton  WPCP. 

The  average  daily  flow  during  the  monitoring  period  was  17,241 
m-^/d,  equivalent  to  approximately  110  percent  of  design  capacity.  The  aver- 
age daily  flow  observed  during  the  monitoring  period  was  55  percent  higher 
than  the  5-year  average.  The  maximum  flow  recorded  during  the  monitoring 
period  was  36,000  m-^/d,  which  was  observed  on  four  of  the  twelve  sampling 
dates.  All  flows  were  less  than  the  peak  plant  capacity  of  71,600  m^/d. 
Flows  were  bypassed,  after  primary  treatment,  to  the  chlorine  contact  chamber 
on  four  separate  occasions.  The  largest  volume  bypassed  was  4500  m-^  (October 
1).       It    should    be    noted   that    flows    up   to   2.5   times    the   average   daily   design 
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TABLE  11.3.  MONTHLY  AVERAGE  PERFORMANCE  OF  TRENTON  WPCP 


YEAR 

MONTH 

EFFLUENT  CONCENTRATIONS 

BOD5 

TSS 

TOTAL 

P 

mg/L 

n 

mg/L 

n 

mg/L 

n 

1984 

Jan. 

24.0 

4 

19.0 

20 

0.54 

5 

Feb. 

16.0 

5 

13.0 

20 

0.43 

4 

Mar. 

18.0 

5 

9.9 

22 

0.62 

7 

Apr. 

18.0 

13 

19.0 

19 

0.68 

5 

May 

19.0 

4 

8.0 

22 

0.46 

9 

June 

11.0 

3 

7.8 

21 

0.50 

7 

July 

5.6 

5 

5.8 

21 

0.55 

7 

Aug. 

8.0 

5 

6.0 

22 

0.61 

7 

Sept. 

5.5 

4 

6.0 

16 

0.54 

7 

Oct. 

11.5 

4 

13.9 

21 

0.37 

7 

Nov. 

13.0 

4 

16.0 

20 

0.42 

7 

Dec. 

16.0 

4 

15.0 

19 

1.20 

2 

1985 

Jan. 

9.0 

3 

15.0 

22 

0.91 

7 

Feb. 

8.6 

3 

16.0 

19 

0.71 

7 

Mar. 

12.0 

5 

15.0 

21 

0.55 

6 

Apr. 

7.5 

4 

12.0 

20 

0.54 

8 

May 

12.0 

4 

10.0 

22 

0.90 

8 

June 

7.6 

4 

7.2 

20 

0.83 

9 

July 

3.2 

3 

11.0 

22 

0.60 

7 

Aug. 

8.9 

4 

7.6 

21 

0.54 

9 

Sept. 

5.3 

5 

9.7 

20 

0.77 

7 

Oct. 

17.0 

5 

10.0 

21 

0.38 

6 

Nov. 

16.0 

4 

26.0 

20 

0.70 

4 

Dec. 

23.0 

3 

16.9 

19 

0.60 

4 

n  -  number  of  samples 
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flow  are  routed  through  primary  treatment  and  then  to  chlorination  prior  to 
discharge.  Twice  the  flow  of  the  2.5  times  average  daily  flow  can  be  routed 
directly  to  the  chlorine  contact  chamber  (no  primary  treatment)  before  the 
plant  is  hydraul ical ly  overloaded. 

Although  the  activated  sludge  recycle  (return)  rate  was  maintained 
at  a  relatively  constant  level  during  the  monitoring  period,  sludge  wasting 
varied  from  day-to-day.  As  a  result,  the  solids  retention  time  (SRT)  in  the 
aeration  basins  was  subject  to  much  variation.  The  relative  instability  in 
the  biological  system  along  with  the  high  hydraulic  loadings  resulted  in  fre- 
quent high  suspended  solids  concentrations  in  the  effluent  discharged  from 
the  plant. 

Ferrous  chloride  addition  varied  from  day-to-day  during  the  moni- 
toring period.  The  iron  content  in  a  sample  of  the  ferrous  chloride  used 
during  the  monitoring  period  was  129  g/L.  The  quantity  of  chemical  applied 
each  day  averaged  109  kg  of  iron,  and  with  the  exception  of  one  day,  ranged 
from  83  kg  up  to  165  kg.  On  one  day,  a  chemical  addition  of  only  21  kg 
occurred.  There  was  no  explanation  by  plant  staff  for  this  non-typical  dos- 
age. The  average  dosage  applied  was  5.6  mg  Fe/L,  ranging  from  1.1  mg  Fe/L  to 
10.1  mg  Fe/L. 

The  results  of  the  monitoring  program  are  presented  in  Table  11.5. 
Raw  sewage  strength  during  the  monitoring  period  was  low  in  comparison  to 
historical  data  (Table  11.2),  for  all  parameters  shown  in  Table  11.5.  The 
influent  total  phosphorus  levels  averaged  3.5  mg/L,  of  which  57  percent  was 
soluble.  The  main  reason  for  the  lower  strength  of  influent  raw  sewage  may 
be  the  high  rainfall  and  higher  flows  observed  during  the  sampling  period, 
relative  to  historical  records. 

Effluent  quality  during  the  monitoring  period  was  not  as  good  as 
indicated  by  historical  data.  Average  effluent  BOD5  was  5.8  mg/L  and  ex- 
ceeded 15  mg/L  on  one  occasion,  October  15,  when  the  BOD5  concentration  in 
the  effluent  was  measured  as  25  mg/L.  The  average  total  suspended  solids 
concentration  was,  however,  much  higher  in  effluent  sampled  during  the  moni- 
toring period,  than  has  been  historically  observed.  The  average  TSS  level  in 
secondary  effluent  during  the  sampling  period  was  48.0  mg/L,  ranging  from 
16.0  mq/L  to  180.0  mg/L,  which  is  not  only  higher  than  historically  observed 
(see  Table  11.2)  but  exceeds  MOE  discharge  guidelines  of  25  mg/L.  During  the 
monitoring  period,  a  mass  of  floating  reddish-brown  sludge  mass  covered 
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TABLE  11.5.   SUMMARY  OF  PERFORMANCE  MONITORING  DATA  FOR  TRENTON  WPCP 


DATE 

STREAM 

CONCENTRATIONS    (mg/L) 

BOD5 

TSS 

TOTAL   P 

SOLUBLE    P 

24/09 

Raw 

Primary  Effluent 

Secondary  Effluent 

55.0 
3.0 

70.0 
40.0 

2.92 
3.85 
3.36 

1.67 
2.00 
1.84 

25/09 

Raw 

Primary  Effluent 
Secondary  Effluent 

55.0 
3.0 

70.0 
29.0 

3.36 
2.85 
1.00 

1.84 
1.68 
0.52 

29/09 

Raw 

Primary  Effluent 

Secondary  Effluent 

70.0 
3.5 

80.0 
70.0 

4.10 
4.20 
2.50 

2.80 
2.50 
0.45 

30/09 

Raw 

Primary  Effluent 

Secondary  Effluent 

55.0 
2.0 

80.0 
12.0 

2.60 
2.10 
1.08 

1.45 
0.90 
0.31 

01/10 

Raw 

Primary  Effluent 

Secondary  Effluent 

13.0 
1.0 

40.0 
5.0 

2.70 
4.93 
0.45 

1.73 
1.56 
0.45 

02/10 

Raw 

Primary  Effluent 
Secondary  Effluent 

1.6 

50.0 

4.0 

3.30 
2.40 
0.45 

1.97 
1.38 
0.45 

06/10 

Raw 

Primary  Effluent 

Secondary  Effluent 

70.0 
3.5 

70.0 
40.0 

3.40 
1.83 
1.10 

2.04 
1.45 
0.64 

07/10 

Raw 

Primary  Effluent 

Secondary  Effluent 

100.0 
11.0 

80.0 
100.0 

3.40 
3.40 
2.40 

1.87 
0.55 
0.45 

08/10 

Raw 

Primary  Effluent 

Secondary  Effluent 

260.0 
7.0 

210.0 
50.0 

5.90 
2.75 
0.42 

3.40 
1.23 
0.24 

09/10 

Raw 

Primary  Effluent 

Secondary  Effluent 

110.0 
4.0 

110.0 
30.0 

2.80 
3.60 
0.62 

1.40 
1.39 
0.23 

15/10 

Raw 

Primary  Effluent 

Secondary  Effluent 

130.0 
25.0 

110.0 
180.0 

3.60 
1.95 
3.60 

1.52 

16/10 

Raw 

Primary  Effluent 

Secondary  Effluent 

103.0 
5.5 

130.0 
16,0 

4.40 
4.30 
0.49 

2.44 
1.90 
0.30 

AVERAGES 

Raw 

Primary  Effluent 

Secondary  Effluent 

92.8 
5.8 

91.7 

48.0 

3.54 
3.18 
1.29 

2.01 
1.50 

0.41 
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approximately  75  percent  of  the  secondary  clarifier  surface  area.  Plant  per- 
sonnel dispersed  the  mass  with  water;  the  high  effluent  suspended  solids  may, 
thus,  be  a  result  of  the  break  up  of  the  sludge  mass. 

Effluent  total  phosphorus  levels  were  also  high  in  relation  to  his- 
torical data.  The  average  effluent  total  phosphorous  level  observed  during 
the  monitoring  period  was  1.29  mg/L,  of  which  32  percent  was  present  in  the 
soluble  form.  Effluent  total  phosphorus  ranged  from  0.42  mg/L  to  3.60  mg/L 
and  effluent  soluble  P  ranged  from  0.23  mg/L  to  0.64  mg/L.  Probability  dis- 
tributions for  total  and  soluble  phosphorus  in  raw  sewage,  primary  effluent 
and  secondary  effluent  are  presented  in  Figures  11.2  and  11.3. 

Key  operating  parameters  affecting  phosphorus  removal  at  the  Tren- 
ton WPCP  are  presented  in  Table  11.6. 

The  average  loading  to  the  secondary  clarifiers  was  relatively  high 
at  42.4  m3/m2.d.  This  high  loading,  coupled  with  variable  SRTs,  may  be  one 
reason  for  the  high  suspended  solids  concentration  in  the  secondary  effluent 
(43.0  mg/L).  Total  phosphorus  in  the  effluent  averaged  1.29  mg/L.  This  re- 
sult is  higher  than  expected,  since  the  ratio  of  Fe:P,  which  averaged  4.6  (by 
weight),  was  above  the  recommended  level  and  produced  low  effluent  soluble 
phosphorus  concentrations.  Average  soluble  phosphorus  in  the  secondary 
effluent  was  0.41  mg/L,  and  particulate  phosphorus  was  calculated  to  be 
0.88.  The  standard  deviations  for  total,  soluble  and  particulate  phosphorus 
were  calculated  as  0.98,  0.12  and  0.68  mg/L,  respectively.  Thus,  it  appears 
that  the  effluent  soluble  phosphorus  level  was  relatively  stable,  while  the 
concentration  of  total  and  particulate  phosphorus  was  subject  to  considerable 
vari  ation. 

11.5     Conclusions  of  Trenton  WPCP  Honitoring  Program 

The  monitoring  program  conducted  at  the  Trenton  WPCP  produced  re- 
sults which  contradicted  historical  plant  performance. 

Flows  to  the  plant  averaged  17,241  m^/d,  which  represented  an  in- 
crease of  approximately  66  percent  over  the  previous  five  year  average  and 
110  percent  of  plant  design  capacity. 

Total  phosphorus  discharged  in  secondary  effluent  was  greater  than 
1.0  mg/L  on  all  but  2  occasions.  The  Fe:P  ratios  were  sufficient  to  reduce 
soluble  phosphorus  concentrations  to  less  than  0.5  mg/L.  Since  soluble  phos- 
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phorus  levels  were  relatively  constant,  high  total  phosphorus  concentrations 
were  typically  due  to  particuate  phosphorus  concentrations  resulting  from 
high  suspended  solids  levels  in  effluents.  Poor  suspended  solids  removal  in 
the  secondary  clarifier  could  be  attributed  to  the  high  clarifier  hydraulic 
loading  during  the  monitoring  period  and  general  plant  instability  indicated 
by  highly  variable  and  low  solids  retention  times. 
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12.0  ESTEN  LAKE    (ELLIOT  LAKE)  WATER   POLLUTION  CONTROL   PLANT 

12.1  Plant  Description  and  Historical   Performance 
12.1.1         Plant  Description 

The  Esten  Lake  WPCP  serves  the  Town  of  Elliot  Lake.  The  plant, 
which  is  operated  by  the  Town,  is  a  conventional  activated  sludge  plant 
designed  to  handle  an  average  daily  flow  of  16,000  m^/d  (3.52  MIGPD)  with  a 
peak  hydraulic  load  of  42,000  m^/d  (9.24  MIGPD).  A  schematic  flowsheet  of 
the  plant  is  provided  in  Figure  12.1.  Key  design  parameters  for  the  Esten 
Lake  WPCP  are  summarized   in  Table  12.1. 

Raw  sewage  is  lifted  into  the  plant  using  three  helical  screw 
(Archimedes)  pumps.  Each  pump  is  rated  for  0.3  nr/s.  Pretreatment  is  pro- 
vided by  a  mechanical  bar  screen  upstream  of  two  parallel  15  m^  aerated  grit 
tanks   each   having  a   depth  of  3.0  m. 

Three  parallel  clarifiers,  each  28.7  m  by  7.0  m  with  a  liquid  depth 
of  3.25  m,  provide  a  total  surface  area  of  600  m^  for  primary  sedimentation. 
Total  primary  clarifier  volume  is  approximately  1,960  m-^.  The  clarifiers 
were  sized  based  on  a  surface  loading  rate  of  24  m-^/m^-d.  Raw  sludge  and 
scum  removal  are  accomplished  by  fl  ight-and-chain  scraper/skimmer  mechan- 
isms. Waste  activated  sludge  from  the  biological  system  is  co-thickened  with 
primary   sludge   in   the   primary   clarifiers. 

Biological  treatment  is  accomplished  in  two  parallel  completely 
mixed  aeration  tanks.  Each  tank  is  17  m  square  and  3.9  m  deep,  providing  a 
total  aeration  volume  of  2,250  m-^.  Oxygen  transfer  is  accomplished  using 
four  two-speed  (15/7.5  kW)  mechanical  surface  aerators  in  each  tank.  Draft 
tubes  are  not  used.  Total  installed  aeration  capacity  is  approximately  120 
kW  (160  HP).  Primary  effluent  is  distributed  equally  to  each  aeration  tank 
to  an  entry  point  in  the  centre  of  each  tank.  Return  activated  sludge  is 
mixed  with   primary  effluent   in   the   aeration  tank   feed  distribution  chamber. 

Phosphorus  removal  is  accomplished  by  alum  addition  to  the  mixed 
liquor  in  the  secondary  clarifier  distribution  chamber  upstream  of  the  two 
secondary  clarifiers.  A  mechanical  mixer  is  provided  at  the  point  of  alum, 
addition;  however,  this  supplemental  mixer  is  not  presently  used.  Alum  is 
delivered  by  two  chemical  metering  pumps  from  two  46.0  m-^  storage  tanks  to 
the  addition  point.  At  present  the  alum  feed  rate  is  adjusted  manually;  how- 
ever,  efforts   are  being  made  to  automate   the   alum  addition   rate. 
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TABLE    12.1:      DESIGN   SUMMARY    -  ESTEN   LAKE    (ELLIOT   LAKE)   WPCP 


DESIGN  CRITERIA 

STAGE   2 
DESIGN    VALUE 

OPERATING   * 
LEVEL 

Flow  -  m-^/d 
Average  Daily 
Peak  Day 

16,000 
432,000 

10,400 
est   18,180 

BOD5  Loading   (kg/d) 

3,200 

1,142 

Sewer  Collection  System 
Bypass   -  Point 

Frequency 
Discharge  Point 

100%  Separate 
Inf.   Wet   Well 
&  After  Prim- 
aries 

Outfall 

0/year 

Primary  Clarification  HRT    (hours) 
HRT    (hours) 

Average  Surface  Load   (m^/m^-d) 
Peak  Surface  Load   (m^/m^-d) 

2.9 
26.7 

70.0 

5.5 
14.0 
38.8 

Aeration  System 
HRT    (hours) 
BOD5  Load    (kg/m3.d)** 
Return  Sludge  Rate   (%) 

3.4 

81 

5.2/2.6t 
0.30/0.61tt 

Phosphorus  Removal 

Chemical 

Average  Dosage   (mg  Al/L) 
(based   on   alum  concentration   of  4.37%  Al ) 

Alum 

1983=3. 43mg/L 
1985=2, 67mg/L 

Secondary  Clarification 
HRT    (hours) 

Avg.   Surface  Loading    {ur/m^'6) 
Peak  Surface  Loading    (m-^/m^'d) 

5.3 
15.2 

40.0 

8.2 

9.8 

17.2 

Chlorination 

HRT   9  Peak   Flow   (min) 

— 

-- 

*  Based  on  1982-1985  Historical    Data   (plant   started  up   in   late  1981). 

**  At  40  percent   primary  clarifier  BOD  removal. 

t  HRT  with  both/one  aeration   tanks   in   service. 

tt  BOD5   load  with  both/one  aeration  tanks   in   service. 
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The  Esten  Lake  plant  was  the  only  plant  evaluated  in  this  study 
attempting  to  use  a  continuous  on-line  analyzer  to  measure  the  final  effluent 
phosphorus  concentration  to  control  the  chemical  (alum)  addition  rate.  The 
analyzer  used  was  a  Hach  Model  31500  orthophosphate  analyzer.  The  instrument 
uses  the  colourimetric  vandomolybdophosphoric  acid  method.  At  the  time  of 
this  investigation,  the  plant  was  in  the  process  of  evaluating  various 
methods  of  conditioning  the  colourimeter  feed  sample  based  on  in-line  sample 
filtration.  Plugging  of  the  filters  used  was  reported  to  be  a  persistent 
problem.  Feedback  control  of  the  alum  dosage  had  not  been  implemented. 
Based  on  experience  with  other  methods  of  sample  conditioning,  CANVIRO  pro- 
vided an  Abcor  5-HFM-220  tubular  ultrafilter  for  sample  conditioning.  This 
unit  successfully  provided  a  continuous  solids-free  sample  to  the  orthophos- 
phate analyzer.  A  Hach  Ratio  2000  Turbidimeter  was  installed  to  measure  the 
turbidity  of  the  uncondi tio.ned  effluent  stream.  This  measurement  was  planned 
to  be  used  to  empirically  estimate  the  effluent  particulate  total  phosphorus 
concentration.  The  plan  proposed  by  the  plant  was  to  ratio  the  alum  dose  to 
the  predicted   aeration   basin   total    effluent   phosphorus   concentration. 

Secondary  clarification  is  accomplished  in  two  parallel  25  m  dia- 
meter circular  centre-feed  clarifiers  providing  a  total  surface  area  of  1,060 
m^  and  a  total  liquid  volume  of  3,540  m-^.  The  sludge  removal  mechanisms  are 
rotating  scrapers  with  centre  collection  and  drawoff.  Return  sludge  is  hand- 
led  by  two  helical'  (Archimedes)  screw  pumps,  each  transferring  4.56  m-^/min 
and  providing  31  percent  recycle  sludge  capability  at  design  (Stage  2)  flow. 
Secondary   effluent    is   chlorinated   prior  to  discharge  to  Esten  Lake. 

Two-stage  anaerobic  digestion  is  provided  for  waste  activated 
sludge  and  primary  sludge.  One  primary  digester  provides  a  volume  of  2,385 
m-^.  The  secondary  digester  provides  a  volume  of  2,315  m-^.  Digested  sludge 
is   disposed   by   truck   to  sludge  storage   lagoons    located  8  km  distant. 

12,1.2  Historical   Performance 

Table  12.2  summarizes  the  annual  performance  of  the  Esten  Lake  WPCP 
for  the  years  1982  to  1985.  The  plant  has  achieved  a  high  quality  effluent, 
averaging     approximately     13    mg/L     total     BOD5,     suspended     solids     and     total 
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phosphorus  for  the  four-year  period  (1982  -  1985).  Influent  strength  has 
been  relatively  low  (110  mg/L  BOD5,  117  mg/L .  suspended  solids  and  3.6  mg/L 
total  phosphorus).  Average  daily  flow  to  the  plant  for  the  four-year  period 
was  10,400  m^/d  (65  percent  of  design  flow). 

Monthly  effluent  quality  data  for  1984  and  1985  (BOD5,  suspended 
solids  and  total  phosphorus)  are  presented  in  Table  12.3.  Effluent  phos- 
phorus levels  have  frequently  exceeded  the  target  value  of  1.0  mg/L  with  a 
maximum  monthly  value  of  3.1  mg/L  for  November,  1984.  Equipment  problems 
prevented  alum  addition  for  about  60%  of  the  time  in  1984.  Effluent  sus- 
pended solids  exceeded  15  mg/L  for  ten  of  the  24  months  but  never  exceeded  25 
mg/L.  Effluent  BOD5  exceeded  15  mg/L  for  six  months  and  exceeded  25  mg/L  for 
two  months  during  this  period.  Sludge  haulage  and  storage  problems  were 
reported  for  the  period  from  October,  1984  to  March,  1985.  Extra  sludge 
storage  lagoon  capacity  and  clean-out  of  the  existing  lagoons  was  noted  to  be 
a  problem. 

12.1.3     Sampling  Program 

The  Esten  Lake  WPCP  was  sampled  between  July  22,  1986  and  August 
22,  1986.  Twelve  daily  samples  were  collected  during  this  monitoring  period. 

Sampling  locations  were  identified  in  Figure  12.1.  Twenty-four 
hour  composite  samples  of  raw  wastewater  (after  screening)  and  primary 
effluent  were  collected.  Flow-proportional,  24-hour  composite  samples  of 
secondary  effluent  (before  chlorination)  were  collected.  Grab  samples  of 
mixed  liquor  and  return  sludge  were  collected  to  allow  SRT  calculations  to  be 
completed.  Grab  samples  of  the  ultrafilter  permeate  were  also  collected  for 
total  phosphorus  and  ortho  phosphorus  analysis  for  comparison  to  the  Hach 
analysis. 

12.2      Results  of  Sampling  Program 

Table  12.4  presents  a  compilation  of  plant  operating  data  for  the 
five-week  period  of  sampling  at  the  Esten  Lake  WPCP.  Average  daily  flow  for 
this  period,  which  included  several  rainfall  events,  was  8,490  m-^/d  or  53 
percent  of  plant  design.  This  flow  was  significantly  lower  than  observed 
during  1985  (12,500  m-^/d  or  78  percent  of  design).  Peak  flows  as  high  as 
23,333  were  observed  during  this  period. 
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TABLE  12.3:   MONTHLY  AVERAGE  PERFORMANCE  OF  ESTEN  LAKE  (ELLIOT  LAKE)  WPCP 


YEAR 

MONTH 

EFFLUENT  BOD5 

n 

EFFLUENT  TSS 

n 

EFFLUENT  TP 

n 

(mg/L) 

BOO5 

(mg/L) 

TSS 

(mg/L) 

TP 

Jan. 

6.1 

11.8 

9 

0.49 

85 

Feb. 

6.1 

15.4 

8 

0.22 

- 

Mar. 

7.6 

11.8 

9 

0.25 

82 

Apr. 

22.0 

9.6 

8 

0.10 

- 

May 

- 

9.0 

8 

0.15 

- 

1984 

June 

1.4 

5.3 

8 

0.35 

- 

July 

3.3 

7.1 

10 

2.75 

- 

Aug. 

2.9 

10.0 

10 

1.75 

- 

Sept. 

3.4 

6.7 

7 

2.00 

- 

Oct. 

2.0 

13.3 

10 

1.85 

- 

Nov. 

- 

23.9 

8 

3.10 

- 

Dec. 

23.8 

22.9 

7 

2.95 

- 

Jan. 

62.0 

22.1 

10 

2.32 

10 

Feb. 

22.0 

19.1 

11 

1.10 

12 

Mar. 

10.9 

16.9 

8 

1.10 

8 

Apr. 

9.1 

22.8 

8 

1.01 

9 

May 

10.2 

11.2 

14 

0.83 

10 

1985 

June 

29.0 

11.5 

11 

1.08 

11 

July 

4.2 

11.9 

15 

0.90 

15 

Aug. 

2.6 

13.3 

12 

0.81 

11 

Sept. 

4.6 

9.0 

14 

0.94 

14 

Oct. 

5.6 

16.9 

18 

1.11 

18 

Nov. 

19.0 

18.3 

17 

1.06 

17 

Dec. 

4.8 

18.3 

18 

0.95 

17 

n  =  Number  of  samples 
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The  biological  system  was  operated  with  a  relatively  low  sludge 
age.  Solids  retention  time  (SRT)  was  usually  less  than  1  day  (Table  12.4) 
with  a  "few  high  values  on  days  with  little  waste  activated  sludge. 
Historical  data  for  1985  has  shown  that  the  plant  achieved  only  a  small 
degree  of  nitrification  consistent  with  the  low  SRT  observed.  Influent  TKN 
concentrations  averaged  22.6  mg/L  in  1985.  Average  effluent  TKN  was  14.4 
mg/L  and  average  effluent  NH3-N  was  12.7  mg/L  for  the  same  period. 

Alum  was  added  at  an  average  rate  of  271  L/d  throughout  the  moni- 
toring period.  Samples  from  two  batches  of  alum  showed  an  average  aluminum 
(Al )  content  of  34.95  g/L.  The  actual  alum  concentration  was  considered  to 
be  43.7  g  Al/L  for  calculation  of  the  dosage  rate.  The  calculated  chemical 
dosage  was  relatively  low  and  averaged  1.46  mg  Al/L  for  the  5-week  period, 
ranging  from  0.64  mg/L  to  2.15  mg/L. 

The  results  of  the  monitoring  program  are  summarized  in  Table 
12.5.  Results  reported  by  the  plant  and  by  CANVIRO  showed  that  raw  waste- 
water strength,  in  terms  of  all  parameters,  was  low  compared  to  historical 
data.  Based  on  the  CANVIRO  data,  the  raw  wastewater  averaged  46  mg/L  BOD5 
and  50  mg/L  suspended  solids.  Influent  total  phosphorus  levels  averaged  3.09 
ng/L,  of  which  approximately  65  percent  was  presented  in  soluble  form.  The 
strength  was  lower  than  the  strength  indicated  by  the  historical  data. 
Effluent  quality  during  the  monitoring  period  showed  good  performance  for 
BOD5  and  SS  removal.  Average  effluent  BOD5  was  4  mg/L.  Average  effluent 
suspended  solids  concentration  was  8  mg/L.  Based  on  CANVIRO  data,  total 
phosphorus  in  the  secondary  effluent  was  0.82  mg/L,  of  which  0.54  mg/L  was 
present  in  soluble  form.  Probability  distributions  of  the  total  and  soluble 
components  of  the  phosphorus  in  raw  sewage,  primary  effluent  and  secondary 
effluent  are  presented  in  Figure  12.2.  Primary  clarification  did  not  signi- 
ficantly reduce  the  total  phosphorus  concentration. 

Key  operating  parameters  affecting  phosphorus  removal  at  the  Esten 
Lake  WPCP  are  summarized  in  Table  12.7.  Clarifier  hydraulic  loadings  were 
low,  averaging  approximately  8  nr/nr'6  (165  Igpd/ft^).  The  low  hydraulic 
loading,  along  with  good  sludge  settleabi 1 ity  (SVI  <77),  produced  low 
effluent  suspended  solids  concentrations.  Thus,  phosphorus  associated  with 
the  particulate  matter  in  the  effluent  contributed  only  0.28  mg/L  to  tlie 
total  phosphorus  concentration.  Based  on  soluble  phosphorus  in  the  primary 
effluent,  the  average  Al  :P  molar  ratio  was^  1.1,  compared  to  the  stoichio- 
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metric  requirement  of  1.  Thus,  the  chemical  dosage,  which  averaged  1.60  mg 
Al/L,  was  sufficient  to  result  in  a  low  soluble  phosphorus  concentration 
(0.54  mg/L  ba'sed  on  CANVIRO  data)  in  the  secondary  effluent.  However,  on 
three  occasions  the  total  phosphorus  in  the  effluent  exceeded  1.0  mg/L  with  a 
maximum  of  1.30  mg/L.  The  average  total  phosphorus  in  the  secondary  effluent 
was  0.82  mg/L. 

The  Esten  Lake  plant  staff  duplicated  the  analyses  performed  by 
CANVIRO  for  total  suspended  solids  and  total  phosphorus.  Samples  for  total 
phosphorus  were  digested  before  analysis  using  a  Hach  kit.  The  plant  also 
provided  a  measurement  of  the  orthophosphate  concentration  of  the  secondary 
clarifier  effluent.  Based  on  the  plant  data,  average  effluent  suspended 
solids  was  also  reported  to  be  8  mg/L.  Effluent  total  and  orthophosphorus 
were  0.96  mg/L  and  0.45  mg/L,  respectively. 

The  Abcor  ultrafilter  permeate  was  analyzed  for  total  and  ortho 
phosphorus  concentration  (Table  12.5).  The  average  permeate  total  phosphorus 
concentration  was  0.37  mg  P/L  based  on  CANVIRO  analyses.  The  Esten  Lake  ana- 
lysis for  total  phosphorus  in  the  permeate  (average  value  0.41  mg  P/L)  was 
consistent  with  CANVIRO 's  estimate.  The  ortho  phosphorus  concentration  aver- 
aged 0.32  mg  P/L  which  was  about  70  percent  of  the  value  of  0.34  mg  P/L  based 
on  the  standard  Whatman  glass  fibre  (GF/C)  filtration  procedure.  The  ultra- 
filter  performed  well  during  the  investigation  and  provided  a  turbidity-free 
sample  for  analysis  using  the  on-line  Hach  analyzer.  Usage  of  the  ultrafil- 
ter to  obtain  a  permeate  directly  from  the  mixed  liquor  should  be  evaluated. 
This  would  eliminate  the  long  lag  time  due  to  the  secondary  clarifiers  and 
improve  control  of  the  alum  dosage  pumps  when  feedback  control  is  estab- 
1  ished. 

Based  on  data  provided  by  the  plant  staff  after  the  completion  of 
the  CANVIRO  sampling  program,  it  was  determined  that  the  on-line  Hach  ortho 
phosphorus  analyzer  agreed  closely  with  off-line  samples  of  permeate  analyzed 
for  orthophosphorus.  There  was  no  statistical  difference  between  the  on-line 
measurement  and  grab  samples  of  permeate  collected  for  ortho  phosphorus 
analyses  based  on  a  paired-data  comparison.  The  maximum  difference  reported 
was  0.17  mg/L  which  occurred  during  a  period  without  alum  addition.  Table 
12.6  summarizes  the  results  of  the  analyzer  performance  evaluation  carried 
out  by  the  plant  staff  between  August  25  and  September  5,  1986.   Figure  12.3 
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shows  the  relationship  between  the  on-line  analyses  for  orthophosphorus  and 
total  phosphorus  measured  in  grab  samples  of  the  unfiltered  effluent.  The 
data  cover  a  relatively  narrow  range;  however,  there  is  evidence  of  a  corre- 
lation between  the  two  results. 

Based  on  these  data  (Figure  12.3),  it  is  evident  that  a  secondary 
effluent  ultrafi Itered  orthophosphorus  concentration  of  about  0.32  mg/L  is 
required  to  obtain  a  final  effluent  total  phosphorus  of  1.0  mg/L. 

Secondary  effluent  particulate  phosphorus  concentration  appeared  to 
be  correlated  to  the  effluent  turbidity  as  measured  by  the  turbidimeter. 
Figure  12.4  shows  the  relationship  between  the  particulate  phosphorus  and 
turbidity.  There  was  considerable  scatter  in  these  data;  however,  measure- 
ments of  turbidity  are  difficult  at  the  low  concentration  reported.  Removal 
of  particulate  phosphorus  is  dependent  primarily  on  effective  clarification 
of  the  mixed  liquor.  Unlike  particulate  phosphorus,  there  was  not  a  signifi- 
cant relationship  between  effluent  total  phosphorus  and  effluent  SS  or  tur- 
bidity based  on  the  grab  samples  collected.  For  a  secondary  effluent  total 
phosphorus  concentration  of  1.0  mg/L  (0.32  mg/L  soluble  phosphorus  plus  0.63 
mg/L  particulate  phosphorus),  an  effluent  turbidity  of  about  6  mg/L  would  be 
required.  Figure  12.5  shows  the  relationship  between  effluent  particulate 
phosphorus  and  effluent  gravimetric  suspended  solids.  The  degree  of  correla- 
tion is  similar  to  that  for  the  turbidity  relationship  (Figure  12.4);  how- 
ever, fewer  outlines  are  evident.  For  an  effluent  total  phosphorous  concen- 
tration of  1.0  mg/L  (0.32  soluble;  0.68  particulate),  the  effluent  suspended 
solids  concentration  should  be  less  than  about  8  mg/L.  This  indicates  that  a 
consistently  high  quality  secondary  effluent  is  required  to  meet  the  MOE 
guideline  of  1.0  mg/L  total  phosphorous  in  the  effluent  at  the  Esten  Lake 
WPCP.  During  the  sampling  program,  the  secondary  clarifier  effluent  SS  aver- 
aged 8  mg/L. 

Control  of  alum  dosage  likely  would  be  best  achieved  by  measurement 
of  the  ultrafi Itered  orthophosphorus  concentration  alone  due  to  the  rela- 
tionship between  precipitation  of  the  soluble  component  and  chemical  dosage. 
Effluent  particulate  phosphorus  is  more  dependent  on  secondary  clarifier 
operation  and  control. 
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12.3     Conclusions  of  Esten  Lake  (Elliot  Lake)  WPCP  Monitoring  Program 

The  five-week  monitoring  program  at  the  Esten  Lake  plant  showed 
that  a  high  quality  effluent  can  be  attained  at  the  plant  in  terms  of  BOD5, 
suspended  solids  and  total  phosphorus.  Raw  wastewater  strength  was  low  dur- 
ing the  monitoring  program  based  on  the  24-hour  composite  influent  samples 
despite  the  lower  than  average  flowrate  to  the  plant.  The  sampling  program 
overlapped  the  annual  summer  shutdown  of  the  mining  industry  in  the  town. 
This  likely  contributed  significantly  to  the  low  average  flowrate  as  summer 
vacations  lead  people  to  travel  outside  of  the  town.  Periodic  occurrences  of 
high  effluent  total  phosphorus  (>1.0  mg/L)  during  the  historical  monitoring 
program  resulted  in  part  from  equipment  problems  (alum  feed  pumps).  These 
problems  have  been  corrected. 

Based  on  the  loading  rates  at  the  plant,  a  high  quality  effluent 
should  be  expected.  The  plant  is  relatively  new.  Secondary  clarifiers  have 
been  designed  with  sufficient  surface  area  for  peak  flows  of  2.6  times  the 
design  average  flowrate. 

In  future,  the  continuous  implementation  of  the  ultrafiltration 
sample  conditioning  approach  should  provide  for  reliable  operation  for  the 
Hach  ortho  phosphorus  analyzer.  Initial  results  suggest  that  the  analyzer 
ultrafilter  combination  can  provide  an  effective  signal  for  control  of  alum 
dosage  rate.  The  turbidity  measurements  are  not  likely  required  for  alum 
dosage  control,  but  provide  for  on-line  detection  of  the  effluent  quality  in 
terms  of  particulate  phosphorus.  Improved  detection  and  control  of  the  solu- 
ble phosphorus  concentration  could  be  obtained  by  measuring  the  secondary 
clarifier  inlet  concentration  just  downstream  of  the  alum  addition  point. 
This  would  reduce  lag  time  due  to  the  secondary  clarifier  hold-up  time  and 
improve  controller  stability  and  response.  The  current  alum  dosage  rate  is 
relatively  low  and  may  be  further  optimized  through  implementation  of  a 
direct  feedback  control  of  the  dosage  rate. 
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13.0  SUMMARY  OF  PHASE  II  SAMPLING  PROGRAM 

13.1  Comparison  to  Historical  Performance 

The  plant  performance  data  collected  from  the  Phase  II  sampling 
program  period  was  compared  to  the  historical  performance  (1981-1985)  for 
each  plant.  Table  13,1  presents  a  summary  of  the  5-year  (1981-1985)  and  1985 
averages  compared  to  the  sampling  period  averages  for  flows,  and  influent  and 
effluent  quality  (BOD,  TSS  and  TP)  for  each  plant  involved  in  the  Phase  II 
program. 

In  general,  effluent  BOD5  concentrations  for  all  plants  were  repor- 
ted much  lower  for  the  sampling  period  (by  CANVIRO)  than  historically  (by 
MOE).  This  discrepancy  was  a  result  of  the  different  methodologies  used  for 
measuring  BOD  at  the  MOE  laboratory  and  at  CANVIRO.  At  CANVIRO,  inhibited 
BOD5  tests  were  conducted  which  measured  only  the  carbonaceous  component  of 
the  biochemical  oxygen  demand.  At  MOE,  uninhibited  BOD5  are  conducted, 
measuring  total  (carbonaceous  plus  nitrogenous)  BOD5.  Also,  many  of  the 
plants  had  slightly  lower  influent  BOD5  concentrations  than  historically  re- 
ported. This  was  undoubtedly  the  effect  of  raw  wastewater  dilution  resulting 
from  the  frequent  and  heavy  rainfall  that  occurred  during  the  months  of 
August  and  September  1986. 

The  high  effluent  quality  reported  historically  in  terms  of  BOD5, 
suspended  solids  and  total  phosphorus  was  confirmed  at  Port  Dalhousie  WPCP, 
Fergus  WPCP,  Midland  WPCP  and  Port  Hope  WPCP.  At  Trenton  WPCP,  the  effluent 
quality  in  terms  of  suspended  solids  and  phosphorus  was  much  poorer  than  his- 
torically reported  despite  the  weak  influent  concentrations  of  these  para- 
meters for  this  period.  The  weak  influent  and  poor  performance  was  probably 
due  to  the  heavy  rainfall  during  the  sampling  period,  resulting  is  a  high 
secondary  clarifier  surface  load  and  a  large  amount  of  solids  carryover. 

The  poor  phosphorus  removal  performance  historically  reported  for 
Collingwood  WPCP,  Duff  in  Creek  WPCP,  Humber  WPCP  and  Main  WPCP  was  confirmed 
by  the  results  from  the  sampling  program.  At  Humber  WPCP  and  Main  WPCP, 
effluent  quality  in  terms  of  suspended  solids  and  phosphorus  was  noticably 
worse  during  the  sampling  period  than  historically  reported.  The  large 
amount  of  precipitation  during  the  sampling  period  contributed  to  atypical 
plant  operation.  Plants  that  did  not  consistently  comply  historically  with 
the  effluent  phosphorus  limit  of  1  mg/L  which  did  consistently  comply  during 
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the  sampling  program  included  Moore  Twp.  WPCP,  St.  Thomas  WPCP  and  Elliot 
Lake  WPCP.  At  Moore  Twp.  and  St.  Thomas  WPCP,  the  factors  affecting  the  bet- 
ter than  historically  reported  performance  included  better  characterization 
of  the  effluent  from  an  increased  frequency  of  sampling  and  length  of  samp- 
ling time,  increases  in  chemical  dosages  for  phosphorus  removal  and  better 
overall  plant  operation.  At  Esten  Lake,  improved  phosphorus  removal  perfor- 
mance was  due  to  the  elimination  of  previous  problems  associated  with  alum 
dosing  equipment,  and  associated  with  sludge  haulage  and  storage.  Also,  the 
recent  addition  of  an  on-line  ortho-phosphate  analyzer  allowed  better  control 
of  alum  dosage. 

13.2  Summary  of  the  Key  Factors  Influencing  Phosphorus  Removal  at 
Historically  Complying  Plants 

Table  13.2  presents  a  summary  of  factors  that  affected  total  and 
soluble  phosphorus  removal  at  the  five  Phase  II  plants  that  have  historically 
demonstrated  consistent  compliance  to  a  1  mg/L  monthly  effluent  phosphorus 
concentration.  During  the  sampling  periods,  all  of  the  five  plants  had  ade- 
quate metal  to  soluble  phosphorus  ratios  (>1.5  mole/mole)  to  achieve  rela- 
tively low  effluent  soluble  phosphorus  concentrations  (<0.54  mg/L).  Average 
to  low  secondary  clarifier  surface  loadings  produced  low  effluent  suspended 
solids  and  low  particulate  phosphorus  concentrations  at  all  of  the  plants 
except  Trenton  WPCP.  At  this  plant,  the  high  clarifier  surface  loading  pro- 
duced solids  carryover  which  resulted  in  particulate  phosphorus  to  be  a  large 
component  of  the  total  effluent  phosphorus  concentration. 

It  can  be  concluded  that  the  key  factors  affecting  those  plants 
that  consistently  demonstrated  compliance  to  effluent  phosphorus  limits  in- 
cluded sufficient  chemical  dosing  to  maintain  low  effluent  soluble  phosphorus 
levels  and  low  effluent  suspended  solids  concentrations  resulting  in  low 
effluent  particulate  phosphorus  concentrations. 

13.3  Summary  of  Key  Factors  Influencing  P  Removal  at  Historically 
Won-Coaplying  Plants 

Table  13.3  presents  a  summary  of  the  factors  that  affected  the 
phosphorus  removal  performance  during  the  Phase  2  program  at  the  historically 
non-complying  plants.  The  St.  Thomas,  Moore  Twp.  and  Esten  Lake  plants 
demonstrated  that  effluent  phosphorus  concentrations  could  be  maintained 
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below  1  mg/L  during  the  sampling  period.  All  three  plants  had  adequate 
chemical  addition  to  achieve  good  soluble  phosphorus  removal  (to  less  than 
0.55  mg/L)  and  achieved  effluent  particulate  phosphorus  concentrations  of 
less  than  0.3  mg/L.  At  Collingwood  WPCP,  high  influent  soluble  phosphorus 
levels  and  low  chemical  dosing  (Al:Sol.P  of  0.9)  were  the  key  factors  causing 
effluent  soluble  phosphorus  concentrations  averaging  1  mg/L.  Similarly,  at 
Duffin  Creek,  low  dosing  resulted  in  effluent  soluble  phosphorus  concentra- 
tions averaging  0.73  mg/L. 

At  the  two  Toronto  plants  (Main  and  Humber),  there  was  adequate 
chemical  dosing  to  achieve  soluble  phosphorus  concentrations  of  less  than  0.5 
mg/L.  At  the  Main  plant,  extremely  high  clarifier  surface  loading  (62.9  m^/ 
m^'d)  resulting  from  heavy  rainfall  caused  solids  carryover  and  average 
effluent  suspended  solids  and  particulate  phosphorus  concentrations  of  55 
mg/L  and  1.74  mg/L,  respectively.  At  the  Humber  plant,  a  solids  washout 
problem  was  also  evident,  causing  high  effluent  suspended  solids  (55  mg/L) 
and  particulate  phosphorus  (0.77  mg/L).  However,  the  secondary  clarifiers 
were  not  as  hydraul  ical  ly  loaded  (22.8  m^/m^-d)  as  at  the  Main  WPCP.  Due 
to  the  fact  that  the  performance  of  these  plants  was  not  typical  during  the 
sampling  period,  and  the  complexity  of  these  plants,  additional  historical 
data  analysis  will  be  done  in  Phase  3  to  identify  the  key  factors  affecting 
phosphorus  removal  at  Humber  WPCP  and  Main  WPCP. 

In  summary,  one  of  two  main  factors  contributed  to  poor  phosphorus 
removal.  Either  low  chemical  dosing  did  not  allow  consistently  good  removal 
efficiency  of  soluble  phosphorus  or  poor  effluent  quality  in  terms  of  suspen- 
ded solids,  resulting  most  commonly  from  high  secondary  clanfier  hydraulic 
loads,  caused  high  effluent  particulate  phosphorus  concentrations. 


